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Preface 


The report is divided into two volumes, Volume I and Volume II. Volume I, which is this 
report is divided into six chapters. The first chapter introduces the study in the four cities viz., 
Delhi. Calcutta, Mumbai and Bangalore. The second chapter gives the scope and objectives 
of the study. The third chapter analyses the city characteristics with respect to location, 
climate, demographic parameters, sectoral energy consumption levels and air quality status and 
draws comparisons among the four cities. The fourth chapter gives the detailed methodological 
framework for analyzing energy consumption in transport, power and manufacturing industrial 
sector and related emissions. Chapter four also defines the various policy issues under 
alternative scenarios for analysis. The fifth chapter presents the results and analysis of energy 
consumption and emissions in the three sectors under the business-as-usual (uncontrolled or 
as per present trends) scenario and alternative controlled scenarios (various policy issues). The 
sixth chapter gives the summary and conclusions. 

Volume II, which is a separate report contains the annexure to Volume I and II gives 
the statistical tables generated during the analysis of secondary data. 



CHAPTER I 


Introduction 


1.1. Urbanisation and energy-economic-environment linkages 

Energy is a key input for economic de\eIopment that includes inter alia, fuel for cooking, 
heating and lighting to meet basic needs, power for industrial growth, and petroleum 
products for transportation. The production and transformation of energy (production of 
power from fossil fuels) is in itself, an important economic sub-sector. The supply and 
demand of virtually every type of energy generates varying degrees of environmental 
externalities which affect human health, ecological stability and economic development. 
These effects can occur at the household, local, regional or transnational level. 

While the environmental effects of energy use may be geographically dispersed, 
there are compelling reasons to focus on urban-driven problems. Specifically, this is 
because: 

(a) With the concentration of population and economic activities in urbcin areas, there 
are certain energy-related environmental problems which are generated by rapidly 
developing cities that do not occur in rural areas. 

(b) Urban consumers use energy more intensively than their rural counterparts. 
Urbanisation also leads to the shift from traditional to more modem fuels. Studies 
have shown that the use of modem fuels is highly concentrated in cities and there 
is a high degree of correlation between rising energy demand and use of modem 
fuels in cities. 

(c) In the process of consuming and transforming energy resources, cities cast an 
environmental "shadow" over peri-urban and mral areas. 

(d) Metropolitan demand for energy is accelerating due to the growth of income in 
urban areas. The virtual explosion of personalized modes of transport like cars and 
two wheelers in cities and the rising demand for energy-intensive electrical gadgets 
are the consequences of the rise in income of city-dwellers. 

(e) Urban energy production and consumption are commercial activities which are 
susceptible to management by market oriented policy actions, an option which is 
often not available for reaching rural consumers whose energy use may not be 
monetized. 

(0 The air quality in metropolitan cities is found to be unsatisfactory with coal-fired 
power plants, energy use in manufacturing industries and transportation sector 
bearing most of the responsibility. 



2 Environment,il aspects of energy use in urban areas 


Several studies have revealed that many large size cities in Asia are on the 
threshold of a major environmental crisis in the form of air pollution from fossil fuel 
based generation of electric power, from combustion of petroleum products in vehicles, 
and from fossil fuel use in industries. The deteriorating air quality in cities is a result of 
rapid economic expansion, rise in population, increased industrial output and 
unprecedented growth of personalized vehicles. Unless adequate measures are taken in 
ad\ ance to enhance energy supply and optimize its use, the shortage may constrain urban 
development. Policies and strategics related to the planning, design, construction and use 
of urban settlements influence, directly or indirectly, the consumption of energy. It is 
therefore, worthwhile to develop a policy-analytical framework to understand the structure 
of urban energy use, its supply and demand related environmental impacts, and devising 
strategies for choosing and pursuing solutions. 

1.2. India: urbanisation trend, energy and environmental issues 

In India, the pace of urbanisation has been increasing, especially in the last four decades. 

In 1951, the urban population was 62 million (17.3 per cent of the total). By 1991, this 
number had swelled to nearly 217 million —- with one in every four persons living in 
urban areas {Narnia, 1991). With only 27 per cent of India’s population living in urban 
areas, it is often proclaimed that India lives in its villages. However, in terms of absolute 
numbers the 217 million urban residents would themselves make up one of the largest 
countries in the world. With moderate rates of growth of urban population, it is estimated 
that by 2015 A.D. over 50 per cent of India’s population will be living in urban areas and 
there will be over 50 cities with a population of one million and above {Mehta, 

Raglmpathi and Shama. 1994). There has also been a steady rise in the population of 
large cities. .A.ccording to 1991 census, there are 23 metropolitan cities (each with over one 
million people) in India, accounting for roughly one-third of urban population and one- 
tuelfth of total population. Over 50 per cent of the population living in these metropolitan 
cities lives in the five giant metropolises — Calcutta (11.86 million), Mumbai (9.93 
million), Delhi (9.42 million), Madras (5.36 million) and Bangalore (4.09 million). 

Urbanisation while having positive impact on income levels, employment and 
production has brought with it air, water and noise pollution problems. The overall quality 
ot urban environment has detenorated over the years with the largest cities reaching 
saturation points and being unable to cope with the increasing pressure on their 
infrastructure. Metropolitan living has become a problem for the common man and the 
capacity of the municipal government to improve the quality of life is extremely limited. 
While cities are considered ‘engines of economic growth’, given the fact that Indian cities 
contribute nearly 60% of the national income they are also inherently unsustainable in 
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temis of level and type of fuel demand in different economic sectors and related pollution 
problems. A number of city specific studies have been conducted in India to understand 
the energy use pattern. The cities include Hyderabad {Aiam, 1985)\ Bangalore {Reddy and 
Reddy, 1983), Pune {Nair and Krishnavya, 1985), Ahmedabad {Ganapathy and 
Padmanahhan, 1985) and Delhi {Bose, 1996a; TERI, 1988, 1989, 1990, 1992), Similarly, 
a few studies ^^■ere done on the environmental dimension of urban energy supply/demand 
{Bose, 1990, I996h, 1996c; TERI, 1995; GHK International, 1995; World Bank, 1997). 

Air pollution is a serious and widespread problem in the urban areas -- where, 
automobiles are the major contributors (carbon monoxide, hydrocarbons, lead and nitrogen 
oxides) -- and to a few other areas with a concentration of industries (toxic gases) and 
thermal power plants (flyash and total suspended particulate). Automobiles, industries and 
power plants consume many tonnes of fuel daily resulting in mass emissions of various 
type of pollutants, putting an average urban citizen to greater health risk. 

The Central Pollution Control Board (CPCB) has been monitoring air quality in the 
major towns/cities since 1984. Over the years the number of monitoring stations have 
increased. Out of 290 stations spread over 92 cities/towns under the National Ambient Air 
Quality Monitoring (NAAQM) network, 188 stations have already come into operation, 26 
stand withdrawn and 38 are to be relocated {CPCB, 1994). Besides the meteorological 
parameters, the air quality parameters monitored regularly are sulphur dioxide (SO 2 ), 
nitrogen dioxide (NO^) and suspended particulate matter (SPM) or total suspended 
particulates (TSP). In addition, carbon monoxide (CO) and lead (Pb) are also monitored by 
CPCB in a limited number of stations. The National Ambient Air Quality Standards for 
these pollutants are available for three kinds of locations, viz., (i) sensitive area, (ii) 
industrial area, and (iii) residential, rural and other areas. 

In the transport sectory the vehicle production in the country between 1971 and 
1990 has increased four times which has resulted in increased frequency of urban trips 
{ACMA. 1993). While travel demand and number of vehicles has gone up, the road space 
availability has not kept pace with the increased travel demand and the growth in the 
number of vehicles. This has resulted in heavy road traffic congestion in most of the cities. 
On the one hand, the vehicle mix in cities has aggravated congestion and air pollution, 
while on the other, specifically production of buses and their design for mass 
transportation in urban areas has not received adequate attention in the national automobile 
policy. Traffic congestion has become a common sight and a problem that the commuters 
have to put up with every day. Reduced vehicle travel speeds lead to longer travel time, 
extra fuel consumption, extra air pollutants, extra discomfort to road users, and therefore 
degradation of the urban environment. 
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Four factors make pollution from road motor vehicles very serious in very large 
conurbations like Delhi, Calcutta, Mumbai and Bangalore. First, many vehicles are in poor 
condition, creating more particulates and burning fuels inefficiently. Certain types of 
engines, such as 2-sti‘okcs, arc particularly bad, though new options for improving their 
efficiency may be available soon. The 2-stroke engines emit HCs and smoke at a much 
higher rate than the 4-stroke engines and produce most of the HC emissions. For instance, 
nearly 70'J(i of the total registered fleet in Delhi comprise of two wheelers of which over 
90 "0 run on 2-stroke engines, while the remaining are 4-stroke. Second, lower-quality fuels 
are used, leading to the emissions of far greater quantities of pollutants. Third, motor 
vehicles arc concentrated in a few large cities. Fourth, a far larger percentage of the 
population moves and lives in the open air and is thus exposed far more to automotive 
pollutants. 

There has been a dramatic increase and completely uncontrolled expansion of 
polluting industries within existing cities and residential neighbourhoods, contributing to 
water, air and soil pollution. Locations of industries, in turn, were not considered till 
recently from an en\ ironmental angle leading to many disastrous locational decisions 
within cities. The case of the Bhopal disaster, the explosion of the Union Carbide factory 
and the emission of toxic gases resulting in thousands of deaths and health disorders 
illustrates the problem of location of hazardous industries as an extreme case. Relocation 
of •non-confoiTiiing' industries has been initiated only on a limited scale. An adaptation of 
clean technologies should find more relevance, but has not been adequately pursued. 

A major air pollution problem associated with coal plants is the result of the 
emission of SO,, NO,, TSP, HCs, radionucleids. aldehydes and CO,. The polluting gases 
ha\e. indi\idually. an impact on both human health as well as the ecosystem; the extent of 
which IS detenmned by the dosage recened, the time span over which it is received and 
the a\erage well-being of the recipient population. Control measures exist for all the major 
pollutants at the pre and post combustion stages as well as the process stage. At present 
the installation of electrostatic precipitators (ESP) for the control of TSP emissions is 
mandatory in India. ESPs are generally reported to operate at efficiencies of 99 per cent 
and aboxe, the efficiencies generally being relatively insensitive to particle size but grade 
efficiency cutw'es indicate a minimum in the 0.2-2.0 pm range (PVallin, 1986). However, 
the efficiency of paniculate removal below 0.1 pm is poor. This is important given that 

the smaller sized panicles penetrate deeper into the lung and therefore can be more toxic 
{Outnger. et al, 1990). 

In view ot the potential envtronmental consequences of continuing growth of large 
metropoltses m Asta, and India in parttcular, the Department of Research Cooperation, 
Swcdtsli intemationai Development Cooperation Agency (SIDA), Stocldiolm, has entrusted 
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a three year study (1994-97) entitled ''Environmental Aspects of Energy Xlses in Large 
Imluui Metropolises” to the Tata Energy Research Institute (TERI), New Delhi. This study 
has made an attempt to - (1) analyze the energy-economic-environmental implications in 
the four metropolitan cities in India - Delhi, Calcutta, Mumbai and Bangalore, with 
particular reference to the three sectors viz., transport, power and industry, and (2) 
examine a number of issues in each sector with an overall strategy to reduce energy 
demand and emissions in the four cities. The common methodological framework adopted 
m the study for analyzing the four cities has a wider applicability beyond India in other 
parts of Asia. As a part of this study, TERI has conducted two workshops, first one in 
New Delhi on November 15, 1994 and the second one in Bangalore on February 23, 1996. 
The scope of the first workshop was mainly to discuss the project design and 
methodological framework of the study. While in the second workshop, the scope was 
mainly to identify list of policy issues in the three sectors - transport, power and industry - 
for a detailed investigation. These two workshops have immensely helped TERI in 
focussing the scope of work and in drawing some important policy conclusions for Indian 
cities. 
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CHAPTER 2 


Scope and objectives 


The overall scope of the study is to de^elop a methodological framework, flexible enough, 
for analyzing the nature and magnitude of air pollution relating to energy demand/ 
consumption in large urban agglomerations in India with different socio-economic and 
geographical features. While analyzing the environmental dimension of energy use, the 
study IS restricted to the three major urban polluting sectors viz., transport, power plants 
and industry located within the city municipal boundaries. From a policy perspective, it is 
just as important to understand how large size cities with varied mix of socio-economic 
activities and forms compare with one another as it is to understand how energy use has 
changed over time in different sectors and the resulting impact on emissions. With 
growing urbanization it is expected that the changes in socio-economic characteristics like, 
real household income, ownership of personalized vehicles and their utilization, per capita 
power demand, mix of industries, real value addition by industries, city size, population 
density and other factors will affect changes in fuel use and environmental quality. 

Further, it is important to identify, analyze and compare the major policy issues of concern 
in each sector for the formulation of an overall strategy to contain energy demand and to 
mitigate emissions. Such a city level comparative framework in a rapidly developing 
economy, like India, is expected to generate a methodology which can further be applied 
to a spectrum of large cities in Asia for analyzing energy demand and environmental 
issues. 

Grounded in this vision, the study has made an attempt to systematically collect 
and collate secondary data from published sources, and analyzed the energy-economic- 
environmental implications due to the changes in three major sectors, viz, transport, power 
and industry in four large size cities in India - Delhi, Calcutta, Mumbai and Bangalore. 

In addition, the study has made an attempt to analyze a set of issues in each sector 
which are important for the future fuel use in these cities in order to improve urban 
environment, based on careful comparisons of the four cities. 

The specific elements of the study in the four cities are: 

• to characterize each city by analyzing spatial and temporal data on demographic, 
sectoral energy use and air quality; 

• to develop a common but flexible framework for analyzing the energy consumption 
pattern in the three major sectors — transport, power plants and industry -- and 
estimate resultant emissions in past, present and future; 

' to estimate the pattern of energy use in each sector and the resultant emissions of 
CO, HC, NO,, SO 3 , TSP and Pb; 
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• to identify alternate scenarios as policy measures for an indepth analysis of the 
environmental implications of energy use in different sectors over a period of time; 
and 

• to compare the scenario results with the business-as usual case in each sector and 
measure the impacts. 

Such an indepth analysis in large urban agglomerations would facilitate the 
formulation of various action plans and strategies at the city level to contain energy 
demand and environmental degradation. 

2.1. Issues under examination 

The following issues were identified during the second project review workshop held in 
Bangalore on February 23, 1996 for a detailed energy-environment impact assessment at 
the city level in different sectors. 

2.7.7. Transport sector 

• trends in vehicular growth and its composition; 

• strengthening of mass transport by facilitating a shift from personal to public buses; 

• penetration of different types of teclinologies like four stroke gasoline engines and 
vehicles fitted with catalytic convertors; 

• introduction of alternate fuels, like Compressed Natural Gas (CNG), propane/LPG, 
and electricit\' for battery' charging: and 

• financial anal\’sis of introducing battery operated and compressed natural gas 
vehicles. 

2.1.2. Power sector 

• trends in share of power generation within city limits; 

• growth of electricity consumption; and 

• technological performance of the power plants and options (at the source and end 
of pipe) for ameliorating emissions. 

2.7.3. Industrial sector 

• identification of energy intensive industries; 

• structural changes in energy intensities; 

• change in energy demand and the fuel composition; 

• technological upgradation of plants and machinery; 
change in net value added of industrial products; and 

• industrial locational impacts. 
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CHAPTER 3 


City characteristics: demography, energy and environment 


3.1. The study area 

3.1.1. Delhi 

The state of Delhi, in short Delhi, is situated in North of India, on the banks of the river 
Yamuna and sprawls over 1483 sq.km (148300 ha), with 47% comes under urban and the 
remaining 53% under rural area. Delhi with a total population of around 9.42 million in 
1991 (with 90% urban and 10% rural), is located 160 km south of Himalaya, between the 
latitudes of 28^24 17 and 28‘’53 00 N and the longitudes of 76°50'24" and 77°20^37"E and 
at 216 metres above mean sea level. 

Figure 3.1 is the map of Delhi, with greatest east-west length being 51.9 km and 
north-south width, 48.48 km. Delhi is surrounded by two states - Uttar Pradesh in the east 
and Haryana to the north, south and west. There are two distinct natural features that 
characterize Delhi - the Ridge and the nver Yamuna. The latter forms the eastern 
boundary of the city. The Ridge is an extension of the Aravalli Hills, the oldest hill range 
of India which runs from the south of Delhi towards the north-east on the west of river 
Yamuna and further south-west into the State of Rajasthan. Total area of Delhi is 
bifurcated into three administrative divisions, viz., Delhi Municipal Corporation, New 
Delhi Municipal Committee, and Delhi Cantonment Board, with their share of covered 
area being 41%, 53%, 3% and 3% respectively. 

Delhi replaced Calcutta as the capital in 1912 and has emerged as a multi¬ 
functional giant where the Central Government offices, public sector undertakings, the 
commercial traders and industries have grown in a haphazard manner. Delhi today 
manifests the symptoms of uncontrolled growth: distinct shortfalls in the infrastructural 
pro\ isions of sewerage, water and power supply. Public transport facilities are inadequate. 
Unauthorized and uncontrolled land use, inadequate residential and commercial space, 
excessive rents, land speculation, unbalanced growth, and socio-economic 
compartmentalisation are other problems the city faces. The master plan of Delhi prepared 
in 1962 was meant to prevent or contain these problems. Instead after more than 35 years 
of "planning", not only have problems multiplied but, others have been added - air, water 
and noise pollution, rapidly dwindling green cover and degradation of the social 
environment, to mention a few. 

To control the rapid growth of population in Delhi, the National Capital Region 
(NCR) was formed in 1986 with the idea of diverting the population and economic 
activities to satellite towns. The NCR spread over 30,242 sq.km, covers parts of the states 
of Haryana. U.P. and Rajasthan, besides the National Capital Territory of Delhi. 
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For purposes of planning in Delhi, the Delhi Metropolitan Area (DMA) was 
formed, comprising of National Capital Territory of Delhi, Ghaziabad-Loni complex and 
Noida in U.P., Faridabad-Ballabhgarh Complex, Gurgaon, Bahadurgarh and Kundli in 
Haryana. The DMA which is spread over an area of 3182 sq.km, (over twice that of area 
of Delhi) IS expected to contain the population of National Capital Territoiy of Delhi to 
11.2 million by the year 2001 (Table 3.1). 

Table 3.1, Population projections for 2001 (in million) 


Region (Area) 

Urban 

Rural 

Total 

National Capital Region (30,242 sq.knn) 

23.4 

9.1 

32.5 

Delhi Metropolitan Area (3,182 sq.km) 

14.7 


15.0 

Delhi (1,483 sq km) 


0.2 

11.2 


Source: National Capital Region Planning Board. Interim Development Plan - 2001 

The climate of Delhi is mainly charactenzed by extreme dryness with an 
intensively hot summer and cold winter. About 80% of the rainfall occurs in the monsoon 
months, July - September. The annual average rainfall is 714.6 mm. January is the coldest 
month with the mean daily maximum temperature at 21.3°C and the mean daily minimum 
at 7 3“C. May and June are the hottest months with temperatures touching 46-47”C. Except 
dunng the monsoon months, winds are predominantly from a westerly or north-westerly 
direction and tend to be more northerly in the afternoon. Easterly and south-easterly winds 
are more common in the monsoon months. 

3.1.2. Calcutta 

The Calcutta Metropolitan Area (CMA), in short Calcutta, is located in Eastern India with 
a population of around 11.86 million in 1991 (with 93% urban and 7% rural). It covers an 
area of 1,380 sq.km (138000 ha) with generally a flat topography, and is located between 
the latitudes 22"20 and 23‘’0N and the longitudes 88°02' and 88°40'E. 

As shown in Figure 3.2, Calcutta is primanly a linear city developed along the two 
sides on the eastern bank of river Hooghly and is bounded by the continuous industrial 
region. Nearly 49% of the total area under Calcutta comprised of 3 municipal corporations, 
35% municipalities, 3 notified areas and the balance 51% is comprised of non-municipal 
urban and rural areas. Taking a cross section of linear pattern of urbanisation in Calcutta, 
the development becomes more sparse as one leaves the river banks. 

Calcutta accommodates daily over 2 million floating population from its 
neighbourhood for various purposes. Large numbers of refugees crossed over and settled 
within Calcutta, after the partition of Bengal and the Indo-Pakistan war of 1971. In 
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addition, migrants from rural areas and neighbouring states account for the city’s slum 
population, squatter’s settlements and pavement dwellers. These put severe strain on the 
ci\ic infrastructure like, water supply, drainage and sanitation, solid waste management, 
road impro\’ement, "basti” improvement and its impact on air, water and noise pollution. 

The Calcutta city with an area of 187.33 sq.km (18300 ha) and a population of 
4.38 million in 1991, is the nerve centre of (3MA or Calcutta. The city has around 7% of 
the total area available for road space. The problem of traffic congestion is rather acute, 
though a combination of circular railway, metro railway and river transport services has 
eased traffic How to some e.xtent since early 1990s. The city is administered by the 
Mayor-in-Council with all attributes of the cabinet form of municipal government. The 
area is divided into 141 wards, subgrouped into 15 borough committees. 

The city of Calcutta has a humid climate nearly all the year round and has 
relatively hot summers. The city experiences about 1600 mm of rainfall during the 
monsoon months. 

3.1.3, Mumbai (previously Bombay till 1996) 

The Bombay Metropolitan Region (BMR), with a total population of 14.4 million in 1991 
is spread over an area of 4164 sq.km (416400 ha). The region is located on India’s west 
coast on a peninsula onginally composed of seven islets, between the latitudes of 18”33 
and 19“31 N and the longitudes of 72'’45 and 73‘’28'E. Drainage and concentration have 
caused the islets to join and form the present-day Mumbai Island, with .Arabian Sea to the 
west, and Mumbai Harbour and the outlet of Thana Creek to the east. The BMR is 
continuously e.xpanding and now includes New Mumbai to th®»east of Thana Creek, and 
-Mumbai Harbour and other areas further to the north and east. The BMR consists of three 
major .Vlunicipal Corporations, viz., the Municipal Corporation of Greater Bombay 
(MCGB), Thane Municipal Corporation and Kalyan Municipal Corporation. In addition 
there are 12 Municipal Councils, 37 Urban Centres and 1089 villages in the rest of BNTR 
{BMRDA. 1990). The urban built up area accounts for 12% of the region’s total area. 
Despite the rapid urban sprawl in the past few decades, agriculture and wetlands still 
accounts for the largest land use in the region accounting for 42% of its area. 

As shown in Figure 3.3, Mumbai city is located on the western edge of the BMR 
separated from the mainland by Thane Creek and Vasai Creek. The city is located in 
Mumbai Island whilst the suburbs occupy the majority of the area of Salsette island. 
Municipal boroughs and villages or suburbs of Mumbai island and Salsette Island were 
joined in 1951 to form Greater Mumbai, in short Mumbai. In 1991, the total population of 
Mumbai was 9.93 million spread over an area of 465 sq.km (46500 ha) on the two islands.] 
Mumbai Island is about 18 km long and 4.75 km wide narrowing to little more than 
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1.3 km width at the southern tip of the island where the central business district (CBD) is 
located around the old Fort area. Much of Mumbai is on a fiat terrain, one-fourth of the 
area is below sea le\el. Two north-south ridges flank the flat area, the highest point being 
Malabar Hill to the south-west, 55 meters above sea level. 

Since 1975 the Bombay Metropolitan Region Development Authority (BMRDA) 
has been coordinating planning and development in BMR. One of the pnncipal concerns of 
BMRDA IS to ensure orderly decentralization of economic growth and of development 
away from the Bombay Metropolitan Council (BMC) area, and in particular away from the 
Mumbai Island city. 

The climate of Mumbai is fairly equable since temperatures do not fluctuate 
significantly w ith seasons. The city has a mean elevation of 11 metres above sea level, and 
It consists of several islands. The city has a tropical climate, with monthly mean humidity 
ranging between 57-87 per cent. The annual average rainfall is 2,078 mm with 34% falling 
in July. The annual average temperature is 25.3®C, rising to a maximum of 34.5°C in June 
and minimum of M.S'^C in January'. The moderating effects of the nearby sea and the 
fairly high amount of relative humidity in the atmosphere also restrict the variability. 
January is invariably the coldest month and May the warmest. 

3.1.4. Bangalore 

Bangalore distnct is located between latitude 12°58'N and longitude 77 35 E and at 916 
meters above the mean sea level. It is situated at the center of the south Indian pemnsula, 
almost equidistant from both the eastern and western coast. It is the capital city of the 
State of Karnataka. 

The district has expanded tremendously over the years. With an area of 28.85 
sq.km in 1901, the area in 1991 was 444 sq.km (44400 ha). The Bangalore Metropolitan 
area with a total population of 4.09 million in 1991 extends more than 1,279 sq.km of 
which nearly SOO sq. km constitutes the green belt area. About 444 sq. km is called the 
Conurbation area. The Bangalore .Metropolitan area, in short Bangalore includes the 
Bangalore district (urban and rural) and a part ot the adjoining kolar district. The city 
gained the "Metropolitan" status in the 1970s. The major rivers passing through the 
Bangalore urban district are the ,Arkavathi and Dakshina Pinakini w'hich are not perennial. 

Figure 3.4 shows the map of Bangalore which is circular in shape. The commercial 
areas are primarily in the center of the town surrounded by the residential areas 
interspersed with industrial sites. The main industrial areas such as Peenya and Whitefield 
he on the outskirts of the city. Parks and open spaces are seen in the city center - Cubbon 
Park, Lai Bagh and Palace Grounds being the main. 
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The climate in Bangalore is tropical monsoon plateau type. There are four seasons: 
winter (December to February), summer (March to May), southwest monsoon (June to 
September) and northeast monsoons (October to November). Typically, the annual 
temperature variations in the city are a minimum of 7®C to about 37 °C. Humidity levels 
show a high of about 75% mean in July-October to mean 46% in March. The mean annual 
rainfall is S44 mm, with a mean number of rainy days being 57. June to September is the 
rainy season. 

3.2. Demography 

3.2.1. Population 

Table 3.2 uives the growth of population in the four cities - Delhi, Calcutta, Mumbai and 
Bangalore in a comparative structure. VVTiile the annual growth of population in Delhi 
between 19S1 and 1991 was the highest at 4.24°'o, the least was in Calcutta at 1.61%. In 
each of the four cities the rate of growth of population between 1981 and 1991 has 
declined, compared to the previous decade. It is estimated that currently Bangalore has 
around 5 million people, and the corresponding figure for Delhi and Mumbai are 11 

million each and that of Calcutta around 13 million. 

Projection of population for the years 2001, 2006 and 2011 have been made for 
each of the cities by analyzing the past growth figures in the last three decades on one side 
and the annual growth rate during the current and next decade with the available secondary 
data. Estimated projections in each city are compared with secondary data to the extent 
possible. Like for instance, in Delhi, the annual growth rates assumed between 1991 and 
2001 is 2.5°'(), while in the next decade a growth rate of 1.8% is assumed. Similarly, in 
Calcutta and Mumbai, the assumed annual growih rate figures for the current and next 
decade are 1.6%, l.4“''o and 1.8% and 1.6% respectively. For Bangalore, a relatively high 
growth rate is expected as it is an upcoming business centre particularly housing a number 
of computer and electronic establishments. These are 3.4% betw'een 1991 and 2001 and 
3% betw'een 2001 and 2011 respectively. A comparative analysis of our estimated 
population projection figures tor the four cities is given in Table 3.-. 

Delhi, according to our estimate, is expected to have 12.06 million people in 2001, 
13.18 million in 2006 and 14.41 million in 2011 respectively. Our estimate for 2001 
compares well with a range of estimates available from secondary sources. While it may 
not be possible to make precise forecast, large number of studies reveal that Delhi s 
population will range between 12 and 14 million by 2001. According to the Conceptual 
Plan for Delhi 2001, through effective measures, attempts would be made to restnet the 
population of Delhi at a lower level of 11.2 million iDU.4C. 1986). The Master Plan of 
Delhi - 2001, expects that Delhi’s population may range between 12.5 and 13 million in 
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2001, while according to the natural growth rate of population, Delhi will have 14,4 
million people by the turn of the century. 


Table 3.2. Growth of population in the four cities 


Year 

ending 

March 


Population (million) 


Index of population growth 
(1951 -100) 

Delhi 

Calcutta Mumbai 

BMR 

Bangalore 

Delhi 

Calcutta 

Mumbai 

Bangalore 

1951 

1.74 

5.37 

2.97 

- 

0.79 

100 

100 

100 

100 

1961 

2.66 

6.62 

4.15 

- 

1.21 

152 

123 

140 

153 

1971 

4.07 

8.30 

5.97 

7.79 

1.66 

233 

155 

201 

210 

1981 

6.22 

10.11 

8.24 

11.02 

2.92 

357 

188 

277 

370 

1991 

9.42 

11.86 

9.93 

14.42 

4.09 

540 

221 

334 

518 

1996a/ 

10.66 

12.84 

10.86 

15.70 

4.83 

611 

239 

366 

612 

2001b/ 

12.06 

13.90 

11.87 

17.20 

5.71 

691 

259 

400 

723 

2006a/ 

13.18 

14.90 

12.85 ■ 

18.00 

6.62 

756 

277 

433 

838 

2011b/ 

14 41 

15.97 

13 91 

18.30 

7 68 

827 

297 

468 

972 


Compound annual growth rate l7o) 

Decadal growth rate ( 

%) 

1951-61 

4.31 

2.11 

3.40 

- 

4.36 

52.47 

23.28 

39.73 

53.16 

1961-71 

4.34 

2.29 

3.70 

- 

3.21 

52.91 

25.38 

43.86 

37.19 

1971-81 

4.34 

1.99 

3.28 

3.53 

5 81 

52.98 

21.81 

38.02 

75.90 

1981-91 

4.24 

1.61 

1.88 

2.73 

3.43 

51.46 

17.31 

20.51 

40 07 

1991-Olc/ 

2 50 

1.60 

1.80 

1.78 

3.40 

28.01 

17.20 

19.53 

39.70 

2001-llc/ 

1 SO 

1 40 

1 60 

0 89 

3 00 

19.53 

14.92 

17 20 

34.39 


a/ interpolated 
b/ estimated 
c/ assumed 

Source. Population Census Reports 


Calcutta IS expected to have 13.9 million in 2001, 14 9 million in 2006 and 15.97 
million in 2011 respectively. The Calcutta Metropolitan Development Authonty (CMDA) 
has estimated that the likely future population of CMDA on the basis of current population 
urowth rate shall be 15.5 million in 2001 and 18.9 million in 2011 {CMDA. 1990). 
However, with the policy of decentralized urban development in the state of West Bengal, 
It would be possible to check to some extent the rate of growth of population in Calcutta. 

Mumbai is expected to have 11.87 million people in 2001, 12.85 million people in 
2006 and 13.91 million people m 2011 respectively. These estimates compared well with 
the range estimates of 10.9-11.9 million in 2001 and 12.5-14 million in 2011 under low 
and high growth scenarios of policy interventions respectively {IVS Atkms Imernational. 
I'm. However, our estimates are lower compared to BMRDA estimates. According to 
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BMRDA, which has used ratio method, the population of Mumbai is 13.1 million in 2001 
and 15.6 million in 2011. 

Bangalore, assuming around 3.4% annual growth rate of population in the current 
decade (which declines marginally to 3% in 2001-2011), is expected to contain 5.71 
million people in 2001, 6.62 million in 2006 and 7.68 million in 2011 respectively. 

3.2.2. Density 

In 1991, average population density in Delhi was 6352 persons per sq. km. with maximum 
population density being 16833 in the Municipal Corporation of Delhi (MCD) urban, 
followed by 7050 in NDMC, and least being in Delhi Cantonment area 2197 persons per 
sq.km. Howe\er, in rural areas of Delhi the population density is 1190 persons per sq.km 
{]VWF-India. 1995). 

In Calcutta, average population density during 1991 was 8594 persons per sq.km, 
with maximum population density being in the Municipal Corporation area (21107 persons 
per sq.km), 11780 persons per sq.km in Municipalities, 2878 persons per sq.km, in the 
Notified areas. While in the non municipal and rural areas of Calcutta together, the 
population density in 1991 was 3126 persons per sq.km. The population density in the 
Calcutta city was 23670 persons per sq.km, in 1991. 

The a\''erage population density of BMR in 1991 was 3463 persons per sq.km., with 
suburbs having population densities ranging between 15000 and 20000 persons per sq.km. 
{AIC Watson Consultants Limited, 1997). The rest of BMR had population density figure 
of less than 1000 persons per sq.km. Nearly 68% of the BMR’s population is concentrated 
in Greater Mumbai or Mumbai. The population density in CBD of Mumbai (which houses 
the commercial centres and many residential complexes) was around 33100 persons per 
sq km. 

The average population density in Bangalore was 9212 persons per sq.km, 
according to 1991 census. It can be noticed from the four Figures 3.1 to 3.4 that the 
population density vanes considerably across the cities. Interestingly, Greater Mumbai and 
the Calcutta city have high population densities, around the same level (i.e. 23000 persons 
per sq.km.). 

3.3. Transport sector profile 

.'Ml the four cities are experiencing an exponential growth in the registration of motorized 
\ehicles since 1970/71. The growth of vehicles in each of the cities has been faster than its 
population. For instance, Delhi’s population which was 4.07 million in 1970/71 increased 
to 6.22 million in 1980/81 and 9.42 million in 1990/91 indicating a more than two folds 
increase m the last two decades {Census of India, 1991). While the corresponding figures 
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of the increase in vehicle population in Delhi accounts for 0.20 million, 0.56 million and 
l.S million respectively, which indicates more than nine times increase in the last two 
decades as given in Table 3.3. Similar trend is observed in Calcutta, Mumbai and 
Bangalore. One important feature about the growth is the explosion in the number of two 
v\ heelers and cars and autorickshaws between 1981 and 1991. 


Table 3J. Growth of registered motor vehicles 


Year ending March 

Delhi 

Calcutta 

Mumbai 

Bangalore 

Total number of vehicles 




1971 

204078 

92043 

- 

- 

1981 

557000 

172323 

308881 

- 

1991 

1804490 

475030 

628490 

576910 

1995 

2432320 

560540 

667380 

797610 

Compound annual growth rate (7o) 




1971-81 

10.56 

6.47 

- 

- 

1981-91 

12.47 

10.67 

7 36 

- 

1991-95 

7 75 

4.2'* 

1.51 

8.44 


5oi/rce; Ministry of Surface Transport, 1994 


With over 2.32 million registered vehicles in Delhi as on 30th March 1995, the city 
has the largest vehicle population in the country even though it ranks third in the list of 
megacities in the country after Mumbai and Calcutta. It is interesting to note that the 
\ehicle population of Mumbai (0.67 million), Calcutta (0.56 million) and Bangalore (0.80 
million) taken together accounts for 2.03 million vehicles which is even less than the 
\'ehicle population ot Delhi alone during 1994/95. It would be of also interest to note that 
there are only around 5 people on an a\-erage to ever}' vehicle in Delhi, whereas there are 
nearly 24 persons to ever}' vehicle in Mumbai, 45 in Calcutta ifVWF-lndia, 1995). 

Table 3.4 gives the change in vehicle composition in the four cities. 


Table 3.4 Motor vehicle composition (” 0 ) 


Mode 

Delhi 

Calcutta 

Mumbai 

Bangalore 

1991 

1995 

1991 

1995 

1991 

1995 

1991 

1995 

2-vvh 

67.74 

66.51 

41.05 

44 01 

38.51 

41.96 

76.68 

74.52 

Car/jeep 

21.61 

23.67 

39.22 

37 08 

42.16 

35.36 

14 67 

14 13 

3-vvh. 

3.49 

3.08 

4 27 

4.39 

6.26 

8.71 

3.21 

4.7 

Taxi 

0.56 

0.52 

4.05 

3.31 

5.46 

6.03 

0.42 

0.5 

Bus 

1.05 

1.08 

2.77 

2.42 

1.27 

1.77 

1.19 

1.33 

Goods 

5.64 

5.14 

8.64 

8.29 

6.34 

6.18 

3.84 

4.81 


Among the personal vehicles, the two wheelers (i.e., scooter and motor bikes) have 
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become the most popular mode of personal transport in all the four cities, particularly 
Delhi and Bangalore. While, the dependence on cars and jeeps together are quite 
substantial, particularly in Calcutta and Mumbai. The share of bus is very low ranging 
between 1.1 to 2.8% across the four cities. The number of three wheelers (i.e., 
autorickshaws) is increasing rapidly in the four cities. In Delhi and Bangalore the share of 
taxi is only around 0.5%, relatively large share of taxis are found on the roads of Mumbai 
(around 6%) and Calcutta (4-5%). 

The transportation network in Delhi is predominantly road-based, the role of ring 
railway in meeting travel demand is insignificant. Delhi has the longest road length of 
12S4 km. per 100 sq.km, of area, in India. The road network in the city is 22,487 km. 
long. Delhi has a ring road which is a major facilitator for the traffic to move in different 
directions. With the rapid increase in the vehicles and traffic levels, all the major traffic 
junctions along the ring road are congested posing serious traffic problems. Proposals to 
construct an integrated Mass Rapid Transit System (MRTS), with a proposed length of 144 
km surface rail corridor, which would utilize the existing railway corridors in Delhi, and 
an underground/elevated metro rail system of 41 km. consist of two corridors the East- 
West (24km) and the North-South (17km) are in advanced stages. 

Calcutta has a unique traffic and transportation system where the demand is catered 
by various modes of transport; a combination of surface transport, tram services, circular 
railway, metro railway and river transport services exist in the city coupled with slow 
moving traffic like rickshaws (both cycle and pulled by human beings) and bicycles. Even 
then, the problem of congestion is rather acute and all these modes are incapable to meet 
the travel demand in the city, as only 6-7% of the total Calcutta Municipal Corporation 
(CMC) area is under road. In most parts of the city, the roads are narrow and heavily 
encroached. CMC has a road length of 1,725 km of which 1,400 km is paved. Bituminous 
paved roads account for 272.73 km. 

The current growth in vehicular population exceeds the potential of the existing 
road network in the Calcutta. Also, since the central business district areas are located in 
the heart of city or concentrated in a particular area the traffic flow follows on 
unidirectional pattern. The vehicle carrv'ing capacity of most major roads are exhausted or 
over strained specially at intersections. The non-availability of space and funds for road 
expansion and development coupled with increasing use of personal vehicles and mixing of 
fast and slow moving vehicles further aggravate the problem. 

The road network in BMR predominantly runs in the north-south direction due to 
the linear expansion of the city. Currently, traffic movements are concentrated in three 
mam corridors i.e., western, central and eastern. There are very few continuous east-west 
cross routes across the Island, due to limited crossings of the railway lines and the density 
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of development. As a result of this, there is heavy concentration of traffic along these few 
routes. The eastern side of the island is close to the port facilities and is congested with 
heavy truck traffic. The western corridor is mainly congested with private car traffic. 

Apart from the road network, Mumbai is also served by the suburban rail services . 
operating along a network of some 300 kms of electrified broad gauge provided by two 
zones of the Indian Railways transporting about 5.2 million suburban passengers per day 
on some 2000 daily electric motive unit (EMU) services. The Western Railway runs from 
Churchgatc to Virar, and the Central Railway from Victoria Terminus to Kasara, Karjat, 
Bandra and Belapur in New Mumbai via the harbour line. 

Like other major cities, transportation infrastructures have not kept pace with this 
growth and increasing the congestion and pollution in Bangalore. The main traffic 
corridors in the city are: Bangalore - Madras National Highway (NH-7): central to 
northeast; Bangalore - Hosur National Highway (NH-4). The same highway also enters the 
city from Tumkur: this highway passes through the city entering from the northwest and 
leaving it in the southeast; Bangalore - Kanakapura: central to the south of the city; 
Bangalore - Anekal; central to the south of the city; Bangalore - Mysore: central to the 
southwest of the city; Bangalore - Bellaiy: central to north. Apart from these there are 
se\'eral internal roads that have heavy traffic. The ring road (partly completed) is one of 
these. The Anand Rao circle, the Hudson circle. West of Chord road. Old Madras Road, 
Magadi roads, etc., are only a few of these. 

3.4. Power sector profile 

Delhi is distinct in that it is the capital city of the country and is a State in itself. It would 
therefore be expected that some of the areas would be given due preferential treatment in 
temis of power suppl\' and establishments such as hotels etc would also be large 
consumers of power. With regard to climate, the city is characterised by hot and dry 
summers and fairly cold winters. The requirements for space conditioning would thus be 
expected to be much higher in case of a city like Delhi as compared to the other model 
cities. In terms of lifestyles also, the city is upcoming and in the past decade there has 
been a distinct surge of materialism. It is expected that the city would continue to use 
energy more and more intensively over the next few years. With these characteristics the 
city would be expected to be one of the most intensive power consumers, but the power 
plants located in the city do not seem to have upgraded their capacity in line with the 
growing demands. As a result of the past decade, Delhi has seen a large number of power 
cuts and grid failures due to low and irregular voltage. 

There are three thermal power plants in Delhi that generate and supply electricity to 
Delhi - the Rajghat thermal power station, the Indraprastha (IP) thermal power station, and 
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the Badarpur thermal station. The Rajghat and Indraprastha power plants are managed by 
DESU, which also manages 7 gas turbines, located near the Indraprastha station. 
.Additional power requirements arc met by purchases from the neighboring regions. 

Table 3.5 gives the type of technologies currently being used by each power 
generating unit and the pollution control technologies adopted, like, use of multi cyclones 
(MC) or ESP for controlling particulate emissions. All the three coal based thermal plants 
ha\e ESPs installed for controlling emissions of suspended particulates. 


Table 3.5 Details of power generating units in Delhi 


Plant 

Unit 

Technology 

Managed by 

Commissioned on 

Pollution 
control device 

Indraprastha 

1 

Pulverized coal 

DESU 

- 

MC 


2 

Pulverized coal 

DESU 

- 

MC + ESP 


3 

Pulverized coal 

DESU 

- 

MC + ESP 


4 

Pulverized coal 

DESU 

- 

MC + E5P 


5 

Pulverized coal 

DESU 

- 

MC + ESP 

Raighat 

1 

Pulverized coal 

DESU 

June, 1988 

ESP 


2 

Pulverized coal 

DESU 

September, 1988 

ESP 


3 

diesel 

DESU 



Badarpur 

1 

Pulverized coal 

NTPC 

- 

ESP 


2 

Pulverized coal 

NTPC 

- 

ESP 


3 

Pulverized coal 

NTPC 

- 

ESP 


4 

Pulverized coal 

NTPC 

- 

ESP 


5 

Pulverized coal 

NTPC 

- 

ESP 

Indraprastha 

1 

Gas open cycle 

DESU 

May, 1986 

- 


2 

Gas open q'cie 

DESU 

May, 1986 

- 


3 

Gas open cycle 

DESU 

June, 1986 

- 


4 

Gas open cycle 

DESU 

July, 1986 

- 


5 

Gas open cycle 

DESU 

August, 1986 

- 


6 

Gas open cycle 

DESU 

November, 1986 

- 


7 

Gas open cycle 

DESU 

1995/96 

- 


The Delhi Electricity Supply Undertaking (DESU) distributes power to all 
consumers within the area of jurisdiction of the MCD. It also sells power in bulk to the 
New Delhi Municipal Committee (NDMC) and the Delhi Cantonment Board who have 
licenses to distribute electricity in areas lying within their jurisdiction. 

The total and plantwise capacities of ail the power plants in Delhi are given in 
Table 3.6. 
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Tiibic 3.6. Pfantwisc installed capacity in Delhi (MW)* 

Unit T(jchnolo?>y 19»8/n9 1989/90 1990/91 1991/92 1992/93 1993/g-t 1994/95 1995/96 


Indr.ipr.isthn (DESU) 


1 (Stc.im thermal - 

pulverized fuel) 

35 

30 

30 

30 

30 

30 

30 

30 

2 (Steam thermal - 

pulverized fuel) 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

3 (Steam thermal - 

pulverized fuel) 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

4 (Steam thermal - 

pulverized fuel) 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

62.5 

5 (Steam thermal - 

pulverized fuel) 

60 

60 

60 

60 

60 

60 

60 

60 

Suh Total 

282.5 

277 5 

277.5 

277.5 

277 5 

277.5 

277.5 

277.5 

Ra|i?hat (DESU) 









1 (Steam thermal - 

pulverized tuel) 

67.5 

67 5 

67.5 

67 5 

67.5 

67 5 

67 5 

67.5 

2 (Steam thermal - 

pulverized fuel) 

- 

67 5 

67 5 

67.5 

67 5 

67.5 

67 5 

67.5 

3 diesel 

- 

- 

- 

14 

14 

14 

14 

14 

Sub Total 

67 5 

135 

135 

149 

149 

149 

149 

149 

Badarpur (NTPC) 

1 

100 

95 

95 

95 

95 

95 

95 

95 


100 

95 

95 

95 

95 

95 

95 

95 

3 

100 

95 

95 

95 

95 

95 

95 

95 

- 

210 

210 

210 

210 

210 

210 

210 

210 

5 

210 

210 

210 

210 

210 

210 

210 

210 

Sub Total 

720 

705 

705 

705 

705 

705 

705 

705 

Indraprastha (Gas Turbine) (DESU) 








1 Gas OC 

(N gas/naptha) 

30 

30 

30 

30 

30 

30 

30 

30 

2 Gas OC 

iN eas/naptha) 

30 

30 

30 

30 

30 

30 

30 

30 

3 G.ib OC 

iN eavnaptha) 

30 

30 

30 

30 

30 

30 

30 

30 

4 Gai OC 

(N eas/naptha) 

30 

30 

30 

30 

30 

30 

30 

30 

j Gas OC 

iN gas/naptha) 

30 

30 

30 

30 

30 

30 

30 

30 

b Gas OC 

(N gas/naptha) 

30 

30 

30 

30 

30 

30 

30 +34 

30 + (3* 
34) 

Sub Total 

180 

180 

180 

180 

180 

180 

214 

282 

Total 

1250 

1297 5 

1297 5 

1311.5 

1311.5 

1311.5 

1345 5 

1413.5 


Fiqurps denote tlemted capacity over the years 
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The Indraprastha thermal power plant has 5 units all of which are managed by 
DESU and are steam thermal units run on pulverized coal technology. This power station 
has one unit of 36.6 MW, 3 units of 62.5 MW each and 1 unit of 60 MW. Har>'ana has a 
share of 62.5 MW of this capacity. All of these units have some pollution control 
technology associated with them 

The Rajghat thermal po\ver plant is owned by DESU. In 1985/86, the installed 
capacity comprised a 15 MW unit and 2 diesel run units of 9.6 MW each. The diesel units 
were not in use after 1985/86. In 1988/89, a 67.5 MW unit replaced the 15 MW unit. 
Further in 1989/90, another 67.5 MW unit was set up and the installed capacity was 
increased to 135 MW. Both the 67.5 MW units use pulverized coal technology and have 
ESPs installed. Further, Rajghat has a 15 MW set which is run on diesel. Since 1991/92, 
the installed capacity became 150 MW. 

The Badarpur power plant has 5 units all of which use pulverized coal technology 
and are managed by the National Thermal Power Corporation (NTPC). Three of these 
units have a capacity of 100 MW each while units 4 & 5 have capacities of 210 MW each. 

Delhi also has 3 gas turbines each of 30 MW capacity which were installed in 
1986/87. Since 1994/95, three additional units each of 34 MW have been added to Unit 6. 
The installed capacity in Delhi has increased by little over 13% between 1988/89 and 
1995/96. 

The generation levels for each of the power plants is given in Table 3.7. The total 
generation in Delhi increased from 5395 GWh in 1988/89 to 7343 GWh in 1992,'^93, and 
thereafter declined to 6535 GWTi in 1995/96. However, the requirement of power has been 
growing more rapidly than the generation by DESU and the balance power is purchased 
from plants located in the neighboring regions and states. 

Table 3.8 gives the electncity sales figure across various categories of consumers in 
Delhi. The total electncity consumption in Delhi has increased at the rate of 10.3% per 
annum between 1988/89 and 1994-^95, with electncity consumption in the non-industrial 
sector at 9 9"/o per annum. 

Calcutta IS highly saturated and densely populated with very little scope for further 
e.xpansion. People in this city generally have simple lifestyles. The climate is humid and 
the use of space conditioning devices such as air conditioners is not very common. The 
power situation in Calcutta was among the worst in the 1970s till the Calcutta Electric 
Supply Corporation (CESC) set up its own generating capacity. 

CESC which is a private licensee supplies most of the power requirements to 
Calcutta. CESC generates its own power as well as purchases power from the Damodar 
Valley Corporation (DVC) and the West Bengal State Electricity Board (WBSEB) for 
distribution within its licensed area. Since, it is not possible to disaggregate 
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Table 3.7. Generation in Delhi (GWh) 

Unit 

1988/89 

1989/90 

1990/91 

1991/92 

1992/93 

1993/94 

1994/95 

1995/96 

liiclrnprnstha 









1 

145 

171 

150 

118 

134 

- 

94 

- 

2 

47 

259 

316 

250 

393 


346 

- 

3 

367 

353 

314 

397 

236 

- 

141 

- 

4 

264 

403 

235 

338 

331 

- 

239 

- 

5 

282 

185 

384 

375 

293 

- 

294 

- 

Sub roMi 

1105 

1371 

1400 

1478 

1386 

1137 

1115 

1117 

Riilghat 









1 

0 

0 

- 

354 

- 

- 

419 

- 

2 

0 

0 

- 

230 

- 

- 

412 

- 

3 

0 

0 

0.01 

0.14 

0.80 

- 

0 

- 

Sub total 

0 

0 

417 

584 

565 

628 

831 

728 

Badaipur 









1 

* 


* 

645 


* 

609 

- 


■Ic 


♦ 

357 


♦ 

631 

- 

3 

1393 


1568 

573 


1828 

634 

1625 

4 

1325 


1352 

1261 


1187 

1426 

1316 

3 

1364 


1229 

1149 


1425 

1207 

1098 

Sub total 

4082 

3900 

4149 

3987 

4589 

4440 

4508 

4039 

IP Gas Turbine 








1 

8 

82 

111 

154 

158 

- 

* 

- 

1 

48 

89 

124 

148 

138 

- 

• 

- 

3 

46 

935 

5 

0.0 

37 

- 

' 

- 

j 

315 

75 

149 

206 

158 

- 

- 

- 

5 

40 

100 

20 

17 

174 

- 

- 

- 

6 

335 

69 

127 

153 

138 

- 

- 

- 

Sub Total 

209 

510 

538 

677 

803 

785 

601 

651 

Total 

5395 

5781 

6503 

6725 

7343 

6990 

7055 

6535 


“ added to 

Table 3.8. 

unit 3 generation 

Electricity sales by consumer category in Delhi (GWh) 

Year 

Non industrial 1 

ndustrial Total consumption 

1988/89 

3875 

1234 

5109 

1989/90 

4102 

1511 

5613 

1990/91 

4591 

1802 

6393 

1991/92 

5266 

1775 

7041 

1992/93 

5630 

2004 

7684 

1993/94 

6192 

2176 

8368 

1994/95 

6810 

2371 

9181 
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the power being supplied to CMA area from WBSEB, it has been assumed that all the 
generation from Bandel (WBSEB) is taken up by CESC in addition to the purchases from 
DV'C in order to approximate the total power generated for CMA area. 

As given in Table 3.9, there are 5 coal fired power generating stations and one 
standby station (for meeting the peak power demand) located within the boundaries of 
CMA area. The Titagarh, New Cossipore, Southern and Mullajore thermal plants are under 
CESC while Bandel is under WBSEB. Additionally, CESC also has two 20 MW turbines 
at Kasba u hich are used to meet the peak hour power demand. 


Table 3.9. Details of plants in Calcutta 


Unit 

Technology 

Managed by Commissioned on Pollution control device 

Mula)ore 




1 

stoker bred 

CESC 

1939 

MC 

2 

stoker tired 

CESC 

1940 

MC 

3 

stoker fired 

CESC 

1943 

MC 

4 

stoker fired 

CESC 

1950 

MC 

5 

stoker fired 

CESC 

1951 

MC 

New Cossipore 




1 

stoker fired 

CESC 

1949 

MC 

2 

stoker fired 

CESC 

1950 

MC 

3 

stoker fired 

CESC 

1963 

MC 

4 

stoker fired 

CESC 

1949 

MC 

Titagarh 




1 

pulverized coal 

CESC 

1983 

ESP 

1 

pulverized coal 

CESC 

1984 

ESP 

3 

pulverized coal 

CESC 

1985 

ESP 

4 

pulverized coal 

CESC 

- 

ESP 

Southern 




1 

pulverized coal 

CESC 

1990 

ESP 

2 

pulverized coal 

CESC 

1991 

ESP 

Bandel 



ESP & MC 

1 

pulverized coal 

WBSEB 

1965 

ESP 

2 

pulverized coal 

WBSEB 

1965 

ESP 

3 

pulverized coal 

WBSEB 

1966 

ESP on 15/4/95 

4 

pulverized coal 

WBSEB 

1966 

ESP on 31/3/94 

5 

pulverized coal 

WBSEB 

1983 

no ESP 

Kasba 





1 

gas turbine 

CESC 

1991 

- 

2 

gas turbine- 

CESC 

1991 

- 
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The Eastern bolt is rich in coal deposits and hydro resources and most of the 
generating capacity in tlie vicinity of Calcutta is coal based. The older plants have been 
using stoker fired technology while the more recent ones use pulverized fuel. 

Mullajore and New Cossipore arc very old plants and some of their units have 
already stopped generating power. The older units generally had multi cyclone technology 
for controlling particulate emissions. However, with the enforcement of stringent standards 
of 150 pg/mcm, multi cyclones are unable to contain emissions within limits as they 
cannot capture particulates which are less than 5 pm size. Therefore, all units now are 
shitting to the use of ESPs which are able to capture particulates upto 2 pm size and 
therefore able to meet the emission standards for TSP. In Calcutta, seven new units with a 
combined generating capacity of 585 MW have been commissioned since 1983, all of 
which arc equipped with ESPs with a reported control efficiency of 98.7 to 99.6 percent 
for controlling TSP emissions. 

Table 3.10 pl■o^ides the total installed capacity of the power plants which are 
located in Calcutta. The total installed capacity of CESC in 1995/96 (605 MW) has nearly 
doubled since 1979/80 (310 MW). However, some units of Mullajore and New Cossipore 
ha\'e been shut down in the early years of this decade. On the other hand operations on 
additional units have commenced in the Titagarh and Southern power plants. The Kasba 
gas turbine unit started operating in 1991,92 and was under CESC, but with effect from 
July 1, 1997, this plant has been taken over by WBSEB. 

.Another trend which is noticeable in Calcutta is the stability in power supply which 
has been attained only after a long penod of acute power shortages in the late 1970s. Till 
the laie 1970s. Calcutta city did not have any power generation dedicated to the city’s 
consumption and CESC was responsible only for distribution of power in the city. With 
the realization of the critical nature of power shortages in Calcutta, in the early 1980’s, 
many new power plants were set up and CESC took over both generation as well as 
distribution of power for the city of Calcutta. Today, the power situation in Calcutta is 
fairly good and unscheduled power cuts are rare in the city. This has been made possible 
after the setting up of large capacity for power generation by CESC in the late 1970s. 

Apart from the enhancement of capacity of pow'er plants under CESC, 
tecJmological advancement has also played an important role in Calcutta. The earlier units 
of Mullajore and New Cossipore used stoker fired teclinology which has a lower 
efficiency, while the units installed after the 1980’s use the pulverized fuel technology. In 
terms of the emissions however, the stoker fired plants result in larger quantities of bottom 
ash and therefore lesser air pollution. 
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Table 3.10. Plantwise installed capacity in Calcutta (MW)' 


Units 

1988/89 

1989/90 

- * 

1990/91 

1991/92 

1992/93 

1993/94 

1994/95 

1995/96 

Mulajore 

I 

25.5 

22 

22 

22 


■ 



2 

25.5 

22 

22 

22 

- 

- 

- 

- 

3 

25.5 

22 

22 

22 

25 

25 

20 

20 

4 

25.5 

22 

22 

22 

25 

25 

20 

20 

5 

26 

22 

22 

22 

25 

25 

20 

20 

Sub Total 

128 

no 

no 

no 

75 

75 

60 

60 

New Cossipore 

1 25 

20 

20 

20 

20 

20 

20 

20 


25 

20 

20 

20 

20 

20 

20 

20 

3 

50 

45 

45 

45 

45 

45 

45 

45 

4 

50 

45 

45 

45 

45 

45 

45 

45 

Sub Total 

150 

130 

130 

130 

130 

130 

130 

130 

Titagarh 

1 

60 

60 

60 

60 

60 

60 

60 

60 

2 

60 

60 

60 

60 

60 

60 

60 

60 

3 

60 

60 

60 

60 

60 

60 

60 

60 

4 

60 

60 

60 

60 

60 

60 

60 

60 

Sub Total 

240 

240 

240 

240 

240 

240 

240 

240 

Southern 

1 



67.5 

67.5 

67.5 

67 5 

67.5 

67.5 

2 

- 

- 

67.5 

67.5 

67.5 

67.5 

67.5 

67.5 

Sub Total 

- 

- 

135 

135 

135 

135 

135 

135 

Kasba 

1 

0 

0 

0 

20 

20 

20 

20 

20 

T 

0 

0 

0 

20 

20 

20 

20 

20 

Sub Total 

0 

0 

0 

40 

40 

40 

40 

40 

Bandel 

1 

80 

80 

, 80 

80 

80 

80 

80 

80 

2 

80 

80 

80 

80 

80 

80 

80 

80 

3 

80 

80 

80 

80 

80 

80 

80 

80 

4 

80 

80 

80 

80 

80 

80 

80 

80 

5 

210 

210 

210 

210 

210 

210 

210 

210 

Sub Total 

530 

530 

530 

530 

530 

530 

530 

530 

CESC 

518 

480 

615 

655 

620 

620 

605 

605 

Total 

CMA 

1048 

1010 

1145 

1185 

1150 

1150 

1135 

1135 

Total 










‘Figures indicate derated capacity over the years 
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Tabic 3.11 provides the estimated generation by these power plants (which is taken 
as a proxy for demand met (availability in Calcutta) for the period 1988/89 to 1994/95. 

Table 3.11. Total electricity generation from plants in Calcutta (GWli) 


Plant/Yearb 

1988/89 

1991/92 

1994/95 

Mulajore 

428 

349 

366 

New Cossipore 

669 

651 

706 

Titagarh 

1295 

1364 

1639 

Southern 

- 

694 

997 

K.isba 

- 

- 

17.3 

Bandel 

2503 

2048 

2304 

DVC 

419 

341 

438 

CESC Total 

2393 

3059 

3709 

Calcutta Total 

5314 

5448 

6467 


During the period 19SS/S9 to 1994-95, the generation by CESC has increased by as 
much as 55‘i'o while that in CMA has grown by around 22%. An important point to note 
with respect to generation is the shift in technology from stoker fired to pulverized fuel 
technology. 

Between 1988/89 and 1991/92, the generation levels from Mulajore and new 
Cossipore decreased due to non-availabilit}' of some of the units for part of the year. 
However, this loss was more than made up by generation from the Southern and Titagarh 
power plants. 

fn absence of breakup of electncity consumption by various consumer groups in 
CMA area, it is assumed that consumption of electricity by consumer categories in CMA 
IS in the same proportion as that in CMC. The breakup of categorywise consumption of 
electricity in Calcutta is given in the Table 3.12. 

Table 3.12. Electricity sales by category in Calcutta (GWh) 


Sciles/Years 

1988/89 

1991/92 

1994/95 

Domestic 

1572 

1753 

2121 

Commercial 

877 

866 

995 

Public lighting 

76 

72 

74 

Public waterworks 

279 

252 

272 

Industries (LT) 

509 

458 

536 

Industries (HT<1MW) 

459 

522 

584 

Industries (HT>1MW) 

1509 

1430 

1925 

Railway traction 

72 

64 

69 

Non industrial 

350 

199 

213 

Total 

5703 

5617 

6787 
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The share of electricity consumption by various categories has been more or less 
constant between 1988/89 and 1994/95 in Calcutta. Consumption of electricity in the 
domestic and industrial sector have increased slightly while the share of commercial and 
public works has decreased marginally. WTiile the total electricity consumption in Calcutta 
has increased at the rate of 3.5% per annum between 1988/89 and 1994/95, the non* 
industrial electricity consumption have shown a declining rate of 9.5% during the same 
period. 

Mumbai is the main commercial centre of India. Also, the city is one of the most 
ad\anced in terms of lifestyles, but the masses at large lead a simple life. The lifestyle in 
the city has not seen any major change over the past decade and requirements would not 
be expected to change markedly in the future. Based on the coast, the city has a humid 
climate and does not have seasons with excessively hot or cold climate. The power supply 
for Mumbai has been handled by the Tata Electric Companies (TEC) which is a private 
licensee and has been successfully upgrading its capabilities in keeping with the growing 
requirements of the city. Industries, trading organizations and the suburban rail system of 
the city haN’e a major advantage of having a reliable power supply system in Mumbai. 

The bulk of the powder supply for the city of Mumbai is provided by TEC thermal 
power plant. This plant is located at the Chembur-Trombay region of Mumbai. TEC also 
has hydro power stations at Bhira, Bhivpun and Khopoli from where power is drawn by 
the TEC grid and supplied to the city of Mumbai. Additionally, the Maharashtra State 
Electricity Board (MSEB) supplies the balance power requirement of Mumbai. TEC 
maintains a grid for Mumbai and its extended suburbs. This is interconnected with the 
MSEB grid and the Railways’ Chola grid. TEC directly supplies power to a few major 
industries, and also meets the entire power requirements of Bombay Electric Supply and 
Transport (BEST) and the Bombay Suburban Electric Supply (BSES). BSES and BEST 
supply, in turn to industnal (pnmanly small scale industries), commercial, and residential 

users. ' 

Table 3.13 gives the technology details of power plants in Mumbai. 


Table 3.13. Details of power plants in Mumbai (only by TEC thermal) 


Name of plant 

Units 

1 

2 

3 

4 

5 

6 

7 

Tvpe 

01 1/gas 

01 I/gas 

oil/gas 

coal/oi I/gas LSHS/coal/gas 

LSHS/gas 

Natural gas 

Technology 

thermal 

thermal 

thermal 

thermal 

thermal 

thermal 

Combined 

cycle 

Managed by 

TEC 

TEC 

TEC 

TEC 

TEC 

TEC 

TEC 

Commissioned by 

1956 

1957 

1960 

1965 

1984 

1990 

7/93-12/94 

Pollution control 
device 

ESP 

ESP 

ESP 

ESP 

ESP 

ESP 

ESP & FGD 
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TEC thermal plant has 7 units for power generation at Trombay. Units I, 2 and 3 
ha\c a capacity of 62.5 MW each and can run on coal or oil. These are fairly old plants 
and arc normally kept as standby for meeting peaking requirements. Unit 4 has a capacity 
of 150 MW and is also used sparingly. Units 5 & 6 are of 500 MW each and while Unit 5 
can run on low sulphur high stock (LSHS), Coal or gas; Unit 6 is mainly gas based. With 
the commissioning of these 2 units, the power supply position was in a much better 
position and lower level of purchases were required from the MSEB. Unit 7 has been 
eomniissioncd recently in 1994/95 and has an installed capacity of 205 MW. 

In the early I99()’s, it was proposed to install a 180 MW unit gas turbine 
combined cycle power plant to meet the essential loads of Mumbai on a continuous on- 
time basis and also serve as a startup power source for the 500 MW Units 5 & 6 in the 
e\ ont of a system shut down. Consequently, Trombay Unit 7 Steam Turbine Generator ot 
the combined Cycle Unit was synchronized on 9th December 1994 [TEC, 1994/95). 

With the growing awareness for protecting the environment, much attention is 
being paid both by the power generating companies and the pollution control boards to 
mitigate the environmental effects of power generation in Mumbai. The main pollutants 
that are released into the atmosphere are particulate matter and oxides of sulphur and 
nitrogen. R&D programmes are being implemented to either reduce (at-the-source 
technologies) or control air pollutants (end-of-pipe technologies). Most of the attention ior 
reducing air pollution from power plants has been concentrated on SO, and on particulate 
matter The Central Pollution Board of India has formulated the Environmental Act 
(1980), which lays down the emission standards for thermal; power stations in addition to 
the standards for other industries. It calls for particulate retention systems to limit the 
particulate matter emissions. For keeping SO, emission levels within the limits presenbed 
in the ambient air quality standards, a minimum stack height is warranted and the 
installation of Flue Gas Desulphurisation (FGD) equipment for big units is required. Other 
pollutants like oxides of nitrogen are also produced in the process of combustion which 
ha\e however been given lesser importance. The first FGD unit was installed at the 
Trombay Unit 5 in 1987 as desired by the Maliarashtra Pollution Control Board. With a 
view to reduce the sulphur dioxide emission and to maintain the ambient air quality in the 
Trombay area, the Companies have also commissioned the second FGD Plant on Unit 5 in 
October 1994. 

The effluents from the FGD plants and the Water treatment plant are properly 
treated before discharging them back into the sea, so that the marine life is not affected. 

The fly ash collected in the hoppers of the Electrostatic Precipitator Plant, which was 
previously discharged into the ash pond, is now utilized in the Flyash Aggregate Plant. 

Table 3.14 gives the installed capacity of each of the units at Trombay. 
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Table 3.14. Installed capacity in Mumbai (MW) 


Year 

1 

2 

3 

4 

5 

6 

7 

Total capacity 

1988/89 

62.5 

62.5 

62.5 

150 

500 

- 

- 

837.5 

1989/90 

62.5 

62.5 

62.5 

150 

500 

- 

- 

837.5 

1990/91 

62.5 

62.5 

62.5 

150 

500 

500 

- 

1337,5 

1991/92 

62.5 

62.5 

62.5 

150 

500 

500 

- 

1337.5 

1992/93 

62.5 

62.5 

62.5 

150 

500 

500 

- 

1337.5 

1993/94 

62.5 

62.5 

62.5 

150 

500 

500 

- 

1337.5 

1994/95 

- 

- 


150 

500 

500 

205 

1355 

1995/96 

- 

- 


150 

500 

500 

205 

1355 

1996/97 

- 

- 


150 

500 

500 

205 

1355 


It should be noted that although the installed capacity has increased marginally 
between 1988/89 and 1996/97, the older units have been phased out and new units which 
are more efficient are producing power. 

The generation levels as available and estimated in certain cases from TEC thermal 
plant IS gn en in Table 3.15. The Fifteenth Electric Power survey has projected the 
requirements of TEC upto 2002. The generation from TEC thermal plant has been 
projected based on these growth rates. Unit wise generation data was available for only a 
few years. For the future and in some instances where data was not available, the 
generation from each unit has been estimated based on the average generation per day as 
supplied by annual reports of TEC. 


Table 3.15. Generation in Mumbai by TEC (GWh) 


Years 

TEC thermal 

1988/89 

8341 

1989/90 

8461 

1990/91 

8757 

1991/92 

9003 

1992/93 

9225 

1993/94 

9805 

1994/95 

10141 

1995/96 

10676 

1996/97 

11136 


The Tata Electric Companies supply power directly to major consumers - textile 
mills, refineries, fertilizer factories, municipal water and sewage pumping stations, large 
chemical and continuous process industries, light and heavy engineering plants, BARC, 
Ordnance Factory, Mumbai Port Trust, Railways, commercial complexes, etc. The 
distributing licensees in this area - BEST and BSES also purchase their entire power 
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requirements from TECs, as mentioned earlier. The total energy distributed through this 
grid averages 8500 GWh per annum. 

Table 3.16 presents the sales of power in Mumbai generated by TEC. Power 
generation by TEC for Mumbai is distributed by BEST and BSES mainly to residential, 
commercial and some small industrial units. TEC also supplies power directly to some of 
the large industries in Mumbai. Sales of power to non-industrial units in Mumbai has 
increased by 1.5 times between 1988/89 and 1996/97, while total sales have increased by 
1.3 times during the same period. 


Table 3.16. Sales of power by TEC in Mumbai (GWh) 


Years 

Sales 

Non industrial sales 

1988/89 

7968 

5804 

1989/90 

8182 

6170 

1990/91 

8495 

6491 

1991/92 

8732 

6819 

1992/93 

8889 

7028 

1993/94 

9447 

7506 

1994/95 

9779 

7813 

1995/96 

10303 

8301 

1996/97 

10756 

8719 


The city of Bangalore is much smaller in size as compared to the other 3 cities 
considered. The city is an upcoming metropolis with a highly modernized city center. The 
city is de\ eloping as a major opportunity center for corporate entities and software 
dev'elopment organizations. Growth in Bangalore is well planned. In terms of power 
supply, the city gets almost all its power requirements from the neighboring power plants 
connected to the grid. In the last few years, the power supply in this city has been 
deteriorating substantially and unscheduled power cuts are becoming common. 

The present power situation in Bangalore is not good. Load-shedding (both 
scheduled and unscheduled) is a common feature. Bangalore does not have any major 
power plant (except the 127 MW Yelahanka power plant recently set up) within the city 
that proMdes indigenous power. It relies on power from Ramagundam in the neighbouring 
state ot .Midlira Pradesh and Neyveli and Kalapakkam in Tamil Nadu. In view of the non 
availability of any major power station within the city limits, the present study has not 
considered Bangalore city for analyzing energy use and the environmental impact in the 
power sector. 
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3.5. Industrial sector profile 

Industrial sector is regarded as one of the major source of pollution in cities, particularly 
in large metropolitan cities where the industrial sector has been fast expanding due to 
a\ailability of infrastructure (such as water, electricity, transportation, etc,). Delhi has the 
hmhest number of manufacturing industries as compared to the other three cities. The 
a\ailable industrial data with National Industrial Classification (NIC) codes 20 to 38 in the 
four cities has been compiled from a number of secondary sources and given in 
Table 3.17. 

Delhi is typically a ser\'ice town, it has experienced a tremendous industrial growth 
in the last five decades, when the industries have increased to 65540 (Table 3.17). In 
1995, there were about 173 large and medium scale industries and 65,367 industries in 
small scale category. Among the large and medium scale industries, majority are electrical 
machinery, paper and paper products, printing and publishing, metal and alloy industries, 
metal products and parts, chemical and chemical products. In the small scale sector 
majority of industries include, textile products, machinery and machine tools, metal and 
alloys, metal products and parts, paper and paper products, printing and publishing, 
electneal machinery, food and food products, wood and wood products, furniture, and 
transport equipment. A major observation from the growth pattern of industries in Delhi is 
that durinst 1978 and 1996, the total number of industries has almost increased by three 
times while the increase in industrial areas to accommodate these new industries has not 

kept pace with the increase in mdustnes. 

At present, there are 22 industnal areas in Delhi which have been developed by 
^•a^ous Go^'emment agencies. The Delhi Development Authority (DDA) has developed 10 
industrial areas, the Delhi Administration 4. the Cooperative Industrial Societies 5, and the 
Delhi State Industnal Development Corporation (DSIDC) 3 industrial areas. There are 
about 35 non-confirming industnal areas accommodating a large number of industrial 
units, about which no documented information is available with the concerned 
departments/ authorities in Delhi. 

Calcutta acts as the national centre of economic activities, and major node for 
transport m the eastern region. Besides the trade and commerce, Calcutta and its 
neighborhood developed into a leading industnal base in the eastern region of India. 
Calcutta had the least number of industries among the four cities with 491 large and 
medium and 8123 small scale industries during 1987. In the large and medium scale 
mdustnes in Calcutta, majority of the industries include metal products and parts, 
machinery and parts, jute, hemp and mesta textiles, chemical and chemical products and 
cotton textiles. In the small scale indusmes, majority are paper and paper products, metal 
products and parts, machinery and machine tools, rubber, plastics, electneal machinery. 
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jute, hemp and mesta textiles, chemical and chemical products, leather and leather 
products, wood and wood products, and metal and alloy industries. Some of these 
industries arc often located in clusters within densely populated areas. The industrial 
situation in West Bengal and Calcutta Metropolitan Area has declined and stagnated over 
the last three decades. Since the late seventies, situation in the jute industries has been 
critical with mills being closed, liabilities mounting and established industrial houses 
mo\ ing away from the industry. The cotton textile industry, which too was one of the 
major traditional ones and is an important employer, is in crisis. According to the 
Department of Industrial Reconstruction, Govt of West Bengal, the principal factors behind 
the industrial sickness are: outdated plant and machinery, obsolete technology, surplus 
manpower, lack of professional management, non-availability of raw materials and no 
proper planning. 

Mumbai is the biggest commercial and industrial centre of India. There were about 
39,308 industries in the city during 1993 (Table 3.17). Majority of the industnes include 
machinery and machine tools, paper and paper products, chemical and chemical products 
(including fertilizers) and textile products. The industrial areas are mainly concentrated in 
the Trombay-Chembur area, along the Eastern coast of the island and also in the Lai Bag 
area. Thirty two of these industnes have been classified as hazardous industries.In 
Bangalore, there were over 390 large and medium scale industries and over 13,492 small 
scale industries in 1990. In the large and medium scale industries, majority include 
electrical machinerv', metal and alloy industnes, machinery and machine tools, food and 
food products, chemical and chemical products. In the small scale industries, majority 
include machinery and machine tools, cotton textiles, paper and paper products, printing 
and publishing, rubber, plastics, wood and wood products, food and food products. 

Existence of such a large number of industries in metropolitan cities, where the 
population densities are growing very high, underlines the significance of the associated 
pollution problems which are likely to affect the public health. The pollution from 
industries is largely due to combustion of fuels such as coal, fuel oil, diesel oil, natural 
gas, etc. Therefore, it is necessar}- to study the profile of energy intensive industries in 
these cities and the resultant emissions from these industries. In this study, an attempt is 
made to analyze the energy consumption trends in the energy intensive industries located 
in the four cities under study and the associated pollution emissions. 

3.6. Air quality profile 

Air quality of a place can be described meaningfully with the help of ambient 
concentration levels of different pollutants. Concentration is a measure of the average 
density of pollutants usually specified in terms of pollutant mass per unit volume of air 
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typically in units of micrograms per cubic meter (/xg/m^) or in terms of relative volume of 
pollutants per unit volume of air (ppm). 

3.6.7. Standards 

CPCB had laid down ambient air quality standards in the year, 1982. These standards are 
specified for three land use categories namely, residential and rural (R), industrial and 
mixed use (f), and sensitive (S) which include hill stations, national parks and monuments, 
etc. The ambient air quality standards which are based on 8-hourly average values for 
TSP, SO., NO, and CO are given in Table 3.18. 

Table 3.18. Ambient air quality standards: eight hourly average, prior to 1993 (/xg/m-) 


Catenorv 

TSP 

SO, 

NO, 

CO 

Industrial and mixed 

500 

120 

120 


Residential and rural 

200 

80 

80 


Sensitive 

100 

30 

30 



The air quality standards in Table 3.18 were revised and the new ambient air 
quality standards, which were made effective from May 1994, are given in Table 3.19 
(CPCB, 1994). 


Table 3.19. .Ambient air quality standards, effective from May 1994 


Pollutant 

Averaging time 


Types of areas 




Industrial 

Residential 

Sensitive 

SO, 

Annual average 
24 hours 

80 
^ 20 

60 

80 Axg/m^ 

1 5 Axg/m^ 

30 AXg/m^ 

NO 

Annual average 
24 hours 

80 yvg/'m^ 

1 20 /yg/iTT* 

60 Axg/m^ 

80 ATg/m^ 

1 5 A/g/m^ 

30 pglrxv 

TSP 

Annual average 
24 hours 

360 Axg/m^ 
500 

140 A/g/m^ 

200 AXg/m-* 

70 p^rr? 

100 p^rv? 

Pb 

Annual average 
24 hours 

1 0 A/g/m^ 

T 5 A^g/m-* 

0 75 ATg/m^ 

1 00 ATg/m^ 

0.50 Axg/m^ 
0.75 p%lm^ 

CO 

8 hours 

1 hour 

5 mg/m-* 

10 mg/m-’ 

2.0 mg/m^ 

4.0 mg/m^ 

] .0 mg/m^ 

2.0 mg/m^ 


In the following sub-sections the air quality profile in the four cities has been 
examined by analyzing the trends of pollutant concentrations over the past 10 years for a 
number of pollutants. These include TSP, SO,, NO,, Pb and CO. Wliile doing the analysis, 
ambient air quality data of various monitoring stations, depending on the location of the 
monitoring stations, were aggregated into three categories namely industrial, commercial 
and residential {NEERI, 1991; CPCB, various issues). The time series data on air quality 
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was plotted on graphs to observe the trends in the annual average concentrations of various 
pollutants under study. This data was compared with the ambient air quality standards to 
understand the significance of the prevailing trends in the concentration levels. While 
comparing the results, the old ambient air quality standards (as given in Table 3.18) were 
used since the data used for the analysis pertain to the period 1980 to 1993. The results are 
discussed below for each city separately. 

16.2. Delhi 

.Ambient air quality in Delhi is monitored regularly at nine locations. CPCB monitors at 
si\ locations viz., Nizamuddin (C), Ashok Vihar (I), Shahzada Bagh (I), Shahdara (I), 
.lanakpuri (R) and Siri Fort (R), and the National Environmental Engineering Research 
Institute (NEERI), Nagpur, at three locations viz., Netaji Nagar (R), Najafgarh (I) and 
Town Hall (C). The pollutants monitored are TSP, SO 2 and NO,. CPCB has also been 
monitoring Pb at six locations, and CO at I.T.O. junction/cross-roads. 

Annual average (monitored) concentration values on TSP, SO,, NO^ are analyzed 
for the period 1980 to 1993 (Figure 3.5)‘. The peak values of average concentrations of 
TSP, SO, and NO, occurred in 1987 in all the three types of areas viz., industrial, 
commercial and residential. Another major observation was that the average concentrations 
of TSP, SO 2 and NO, were found to ha\'e been slowly stabilizing in the recent years. This 
could be probably due to the stnngent implementation of environmental regulations, 
awareness amongst the industries and strict vigilance on pollution control measures by the 
Central and State Pollution Control Boards. Further, the sharp change in the observed 
maximum concentration values of SO 2 and NO, in the post 1987 period need to be noted. 

In addition to these three pollutants Pb and CO data are also analyzed. Figure 3.5 also 
depicts the Pb emission profile in the city. 

3.6.2.1. Total suspended particulate 

The average concentrations of TSP in Delhi were observed to be dispersed widely with the 
\ allies ranging between 200-700 pLg/m’ in the pre 1987 monitoring results and there were 
only three monitoring stations, one each in industrial, commercial and residential areas. 

The average concentrations were found to be gradually increasing and the dispersion was 
also shallow with the values ranging between 200-450 /xg/m^ with 9 monitoring stations 
spread in industrial (4), commercial (2) and residential (3) areas. In the recent years the 
TSP values are very stable and are around 400 /xg/m* in all the areas. However, the 


The lower and upper horizontal lines within each graph denotes permissible limit tor SPM, SO,, and 
^0, in residential and mixed areas (industrial and commercial) respectively. However, for Pb, the single 
horizontal line denotes its permissible limit. 
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Figure 3.5. Air quality trends in Delhi 
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a\-erage concentrations were above permissible limits in the residential areas. Maximum 
values of TSP concentrations have been observed to have been widely dispersed, but the 
trend has been gradually increasing with the values of the order 2300 during 1991- 
92 while the maximum values observ'ed during ’80s was ranging between 800 and 2000 

An overview of the pollution status in different pockets of Delhi during 1993 
re\eal that the TSP levels vary between 360 and 430 /zg/m-’ during summer season. The 
lower values are occurring over Safdarjung Air port area and the highest values are 
occurring over Connaught Place and Old Delhi Railway Station. The values are in the 
range of 400 /zg/m' in Karol Bagh, India Gate and Nehru Place areas. During premonsoon 
season, the TSP levels vary between 200 /zg/m^ and 400 {ig/rn^. The highest values are 
occurring in the Old Delhi Railway station area and the lowest values are occurring over 
Safdarjung Air Port area. During postmonsoon season, the TSP levels are observed to be 
ranging between 360 /zg/m^ and 600 fxgfmK The highest values in this season were 
observed to be occurring near Punjabi Bagh (600 and Connaught Place area (540 
jzg/m') and the lowest values occurring towards Malviya Nagar and Tughlakabad side. The 
\’alues were observed to be high in areas inside the ring road (around 500 jug/m^). In 
wunter season, the TSP levels were observ’ed to be ranging between 260 ^g/m^ and 380 
fzg/m'\ Higher values of the order 350-3SO /zg/m^ were observed in areas like Connaught 
Place, Old Delhi railway station, Punjabi Bagh and Safdaijung Air Port and surroundings. 
Lower values of the order 280-300 were observed in areas like Shahdara, 
Nizamuddm, Malviya Nagar/Tughlakabad and Pitampura In short, the 8-hourly average 
concentration values of TSP are exceeding the ambient air quality standards (500 [ig/m^ 
for industrial areas; 200 pg/m^ for residential areas and 100 pg/m^ for sensitive areas) in 
many of the areas {CPCB, 1994). 

Total TSP emissions during 1990 was around 115,700 tonnes per annum [NEERl, 
199!) Particulate emissions are estimated to increase to 122,600 tonnes per annum by 
2000. Increasing TSP emissions are attributed to industnes especially the ceramic (brick) 
industries which are the major sources of TSP after power stations. Anthropogenic 
emissions are not the only source of TSP in Delhi. Natural dust storms which blow in pre¬ 
monsoon period increases the concentration of particulate considerably in the atmosphere. 
This natural dust remains in circulation for longer periods. Road transport (only the diesel 
driven vehicles) add considerably to anthropogenic TSP in Delhi. 

3.6.2.2. Sulphur dioxide 

The average concentrations of SO 2 in Delhi were observed to be dispersed widely and 
showed a decreasing trend during the period 1980-87 with the values ranging between 20- 
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150 /Jig/m\ III the post 19S7 times, the average concentrations ofSOi were observed to be 
very stable in industrial, commercial and residential areas with the values ranging around 
20 ftg/nv^ and were well below the permissible limits. Maximum values of SOj 
concentrations were found to have been widely dispersed in the study period. 

An ovciTiew of the pollution status in different pockets of Delhi during 1993 
reveal that the SOi lo\els over Delhi arc found to be varying between 10 and 21 /xg/m^ 
during summer season. The lower values occurred in areas like Safdarjung Air port and 
Paschim Vihar Punjabi Bagh areas. While the higher values occurred in areas near fCarol 
Bagh and Shahadra. During premonsoon season, the SO 2 values arc varying between 14 
and 22 /xg/m' o\ er the city. In the post monsoon season, the values are observed to be 
very high ranging between 14 and 38 jug/nrl The higher values arc observed in the areas 
inside the ring road ranging betw'een 22 and 34 /xg/m^ with the peak value of 38 /xg/m^ 
occurring in areas near Connaught Place and Old Delhi railway station and Shahadra and 
eastern parts of the city. The SO. values in the winter season arc also observed to be 
considerably high ranging between 12 and 32 /xg/m^. The higher values are observed in the 
central parts like Connaught Place, Old Delhi railway station and extending to Punjabi 
Bagh and western parts of the city. The values in the eastern part of the city are also 
observed to be high. The southern part of the city is observed to have low concentrations. 

Total Jiitiiropogenic SO. emissions are estimated approximately at 45,000 tonnes 
per annum in 1990 with a projected increase to 49.000 tonnes per annum by 2000 {NEERI, 
199 !). With the growth ;n the number of vehicles, SO. emissions from transport sector 
have increased and will continue to increase. Though the number of diesel driven vehicles 
(the major source of vehicular SO. emission) have increased from 16.658 in 1971 to 
75.709 in I9S". the S-lioiirly mean concentration of SO. in Delhi has been also well below 
the standard limit of 120 ug/m’ dunng 1990 {CPCB, 1994). 

3. 6 . 2 . 3. Oxides of Nitrogen 

Tlic average concentrations ot NO,^ in Delhi were observ'ed to follow an increasing trend in 
the pre 198/ scenario with the values gradually rising and were in the range 20-60 /xg/m^ 
in all the indusinal, commercial and residential areas. In the post 1987 scenario, the 
average concentrations of NO,^ were observed to again follow the increasing trend with the 
values langing between 20-40 ^g/m\ During 1992/93, the values were stabilized at around 
j 5 /xg/m in all the three types of areas. However, the average concentrations were well 
below the permissible limits in all the areas during the study period. The maximum 
concentrations of NO, concentrations were found to have been gradually increasing all 
through the penod of analysis, except for a slight fall in 1987/88, with the values touching 
200 /xg/m in the recent years. In the last two years of observation, the maximum 
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concentration values of NO,^ were seem to be stabilizing at 160 indicating the effect 
of pollution control regulations and vigilance by the concerned authorities and industries. 

An overview of the pollution status in different pockets of Delhi during 1993 
re\eal that the NO, values over Delhi are obsen'ed to be varying between 14 ^g/m' and 34 
in summer season. The higher values are observed in all the eastern parts of the city 
such as Shahadara and northern parts of the city such as Karol Bagh, Old Delhi railway 
station, Delhi University, etc. Lower values are observed in north-western parts of the city 
including Punjabi Bagh and southern parts of the city including Safduijung Air port. 

During premonsoon season, the NO, levels are observed to be varying between 25 and 35 
over the city. It appears that there is no considerable variation in NO, values over 
different areas. In the post monsoon season, the values are observed to be highly varying 
with values ranging between 26 and 53 /ig/’m'\ The higher values are observed in 
Connaught place and Old Delhi railway station areas while the rest of the areas are 
observed to have gradually low values. The NO, values in the winter season are also 
observed to be varying highly ranging between 27 and 47 The higher values are 
observed m the central areas including Connaught Place, India Gate, Old Delhi railway 
station while the remaining parts of the city are observed to have low concentrations. The 
8-hourly mean concentration of NO, in Delhi was below the permissible level in 1990. 

3.6.2.4. Lead 

The Pb concentrations in Delhi (obser\'ed for the penod 1989-1993) were obser\'ed to be 
dispersed widely with the values ranging between O.I and LI /ig/m'. In the recent years, 
the dispersion has narrowed down with the values ranging between 0.2-0.4 
However, the values were within the permissible limits at all the locations. The maximum 
concentration values of Pb w'ere also observed to be decreasing. 

3.6.2.5. Carbon monoxide 

Tlie average concentrations of CO m Delhi were observed to be dispersed widely with the 
values ranging between 1-4 ppm’ during 1988-90 and between 2-8 ppm during 1991-93 
which indicates an increasing trend in the average concentration range, but they were just 
below the permissible limits. The maximum concentration values of CO were found to be 
gradually increasing with the values some times touching the range of 10-14 ppm. 


i ppm =1145 
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3,6.3. Calcutta 

NEERI has analyzed pollutants emitted from different types of sources in Calcutta in late 
l9S()s. According to NEERI, nearly 283.8 tonnes of particulate matter is emitted in 
CaicLilta per day. The nnyor source of such emission was from power generation units. 
liKliistries also shared 37.9% of emission of particulates. The sulphur oxide emission was 
recorded as 64.7 tonnes per day in the atmosphere with power generating units share being 
71 "o, the industries share was 17.7% and the remaining share from domestic and vehicular 
traffic. Different types of transport emitted 15.6 tonnes of oxides of nitrogen per day out 
of total emission of 47.3 tonnes per day. The power sector also contributed a major share 
of 30 4% emission of NO,. 176.7 tonnes of CO was recorded to be emitted per day in 
Calcutta out of which transportation alone emitted 138.7 tonnes. Survey also indicated that 
53 '.'0 hydrocarbon out of 59.1 tonnes per day was emitted from different industries in 
Calcutta. 3rio HC emission w^as caused by movement of different transport vehicles. The 
air quality monitoring data in traffic island during 1992/93 indicated that TSP, SO, and 
NO, were of highest order during winter season in Calcutta city. 

The ambient air quality of Calcutta Metropolitan District indicated that TSP, SO, 
and NO, are expected to exceed their pemiissible limits unless proper pollution control 
measures are taken at different emission sources. Another study sponsored by the West 
Bengal Pollution Control Board and conducted by the Centre for Study of Man and 
Emironment (CSME) includes monitoring of ambient air quality at four stations in 
Calcutta between March 1992 and March 1993 [CSME, 1995). The study when compared 
with the air quality data for the years of 1978/79, to find out the major trends of variation 
during the last 15 years. re\ealed some interesting results. The following changes were 
apparent: 

• The TSP le\'el in 1992/93 is about 50% of that measured in 1978/79; 

• The SO, level has also come down considerably; 

• The siilphation rate is about 40% of that in 1978/79; 

• The NO, level in 1992.'93 is about 5 times that of the 1978/79 level. 

The possible reasons for their differences appear to be as follows: 

' The higher NO. level in 1992.'93 reflects the vast increase in the number of 

\'ehicles on roads over the last 15 years. Also because of greater traffic congestion, 
the vehicular emissions at traffic intersections are more because of longer idling 
time ol engines. Further a worsening of the maintenance standards of motor 
vehicles m the city is perhaps reflected in the enormously high values of NO,. 

The lower TSP and particularly the significant lowering of SO, in ambient air 
concentration during 1992/93 is probably due to more effective air pollution control 
measures being introduced in the large industries in and around the city. 
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In addition to the NEERJ data, the ambient air quality in Calcutta is being 
monitored by CPCB at three locations, namely Cassipore (I), Lal-Bazar (C) and 
Mandevillo Garden (R). The pollutants monitored are TSP, SO, and NO,. The analysis of 
the time series data shown in Figure 3.6 is'discussed in the following subsections. 

3.6.3.1. Total suspended particulate 

The annual average concentrations of TSP in Calcutta, in the period prior to 1987, were 
obser\‘ed to have been gradually decreasing in industrial and commercial areas with the 
values ranging between 250 and 450 /xg/m’. While the average concentration values were 
w idely dispersed in the residential areas with the values ranging between 250 and 600 
/ig nT. In the period after 1987 to 1993, the average concentrations of TSP were found to 
be dispersed widely with the values ranging between 200 and 600 /xg/m^ in all the three 
types of areas. However, the values were within the permissible limits in the industrial and 
commercial areas till recently, but have exceeded the standards in 1993. The peak values 
of the average concentrations occurred in 1981, 1987 and 1993 in all the areas but for 
residential areas in 1993. On the whole, the average values in the post 1987 period were 
slightly lower than the ranges in the pre 1987 period except for the year 1993. The reasons 
for this abrupt change in the trend need to be investigated. The maximum concentrations 
of TSP were obser\'ed to have been relatively stable in the pre 1985 period with the values 
in the range of 1200 /xg/ m' while they were found to be varying widely during the post 
1985 period with the values some times touching 2600 ^g/m^ and currently are oscillating 
around 1000-1500 (ig/nr. 

3.6.3.2. Sulphur dioxide 

The a\ erage concentration values of SO 2 in Calcutta have shown a steadily decreasing 
trend in the pre 1987 period in the industrial and commercial areas with the values ranging 
between 40 and 100 /xg/m'\ while the average concentrations in the residential areas were 
relatively stable in the pre 1987 period with the values ranging between 35-50 ng/m\ In 
the post 1987 scenario, the average concentration values have shown wide dispersion in all 
the three types of areas with values ranging between 20 and 80 ^g/m^. However, all 
through the period of analysis, the average concentrations values have been well below the 
permissible limits for the respective categories. The maximum concentration values of SOt 
were found to have followed a decreasing trend in the pre 1986/87 period with a larger 
dispersion range and were gradually increasing in the post 1986/87 period with the values 
ranging around 300 /xg/m^ in the recent years while in the last decade the values 
touched 420 figimK 
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3.6.3.3. Oxides of Nitrogen 

The average concentrations of NO^ in Calcutta were found to have been very gradually 
increasing during the period 1980-85 with the values increasing from the range of 30-40 
^g nr’ to 130-170 ;ig/m-\ and the values have followed a decreasing trend till 1987 with 
the values decreasing to the range of 20-50 fi^m\ During the period 1983 to 1985, the 
values in the residential areas were exceeding the permissible limits while in 1985 the 
values in the industrial and commercial areas also have exceeded the permissible limits, 
thus making the year as peak occurrence year. In the post 1987 period, the average 
concentrations of NO^ were observed to have relatively stabilized at very low ranges with 
little dispersion when the values have ranged between 25 and 60 in the different 
areas. The decreased average concentration values could probably be attributed to the 
pollution control regulations and vigilance by the local Pollution Control Board. The 
maximum concentration values of NO^ were found to have been widely dispersed in the 
pre 1985 period with the peak occurring in 1985 followed by a decreasing trend during 
1985-87 and then relatively stabilized in the early 1990s with a gradual increasing trend 
with the maximum concentration values ranging around 200 fig/m^ in the recent years 
while in the mid 1980s the values ranged around 300-400 

3.6.4. Mumbai 

.•\mbient air quality in Mumbai has been monitored by CPCB at 3 locations namely Parel 
(I), Kalbadevi (C) and Bandra (R). The pollutants monitored are TSP, SO, and NO,. In 
addition, ambient air quality is regularly monitored at 22 stations in Greater Mumbai by 
MCGB. The observed annual concentration data has been analyzed for the period 1980 to 
1993 and presented in Figure 3.7. 

3.6.4.1. Total suspended particulate 

-Annual a\ erage TSP concentration has increased from about 180 /ig/m^ to approximately 
270 ^g/m- between 1981 and 1990 - an increase of almost 50%. The average concentration 
in Mumbai were observed to have been relatively less dispersed in pre 1987 with the 
a\erage concentrations ranging between 150-300 /xg/m^ in the industrial, commercial and 
residential ares with the residential areas having higher values exceeding the permissible 
limits. In post 1987, the average concentrations of TSP were relatively stable in industrial 
and commercial areas with the values ranging around 200 /xg/m^ while in the residential 
areas, the concentration values were observed to have been increasing gradually. The 
maximum concentrations of TSP have been increasing gradually over the study period 
ranging around 700 /xg/m'^ in the recent years while it was around 500 /xg/m^ in the mid 
1980s. 
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Figure 3.7. Air quality trends in Mumbai 
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3.6.4.2. Sulphur dioxide 

The a\erage concentration values of SO, in Mumbai were observed to have been gradually 
decreasing with very little dispersion, in the pre 1987 scenario, with the values ranging 
around 15-40 /zg/m^ in all the three categories of areas while values in the higher side of 
this range were observed in the industrial areas. In the post 1987 period, the dispersion 
was slightly widened with the trends continuing in the same directions, but in 1993 a 
sudden jump was observed in the concentrations in residential areas and the concentrations 
in the industrial areas was found to have been on the decreasing trend which can be 
attributed to the pollution control regulations by the local Pollution Control Board. The 
industrial areas had a peak value obser\'ed in 1990. However, during the entire period the 
a\erage concentrations in all the areas were well below the permissible limits. The 
maximum concentrations of SO, were found to have followed a decreasing trend in the pre 
1986 period while there has been a sudden jump in the 1987 and the maximum values 
remained relatively stable in the post 1986 period with the values ranging between 110 and 
150 ^g/'nr' while they were touching 200 /ig/m^ in the early 1980s. 

3.6.4.3. Oxides of Nitrogen 

The a\’erage concentrations of NO^ in Mumbai were observed to be increasing gradually in 
the pre 1987 period with the values ranging between 30 and 80 /ig/m^ in all the three 
types of areas viz., industnal, commercial and residential areas. In the post 1987 period, 
there has been a sudden change in the trend where the values observed were showing a 
\er\' stable trend in all the three types of areas which were ranging around 35 iig/m: in all 
the areas u'hich could probably be attributed to the stringent pollution control regulation 
practices and vigilance by the Pollution Control Boards. However, the values w'ere well 
below the permissible standards in all the areas. The maximum concentration values of 
NO, ha\’e been obserx^ed to have widely dispersed in the pre 1985 penod while in the post 
1985 period they followed a relatively gradual decreasing trend with the present values 
ranging around 130 jUg/m- while the values have touched about 250 /ig/m^ in the mid ’80s. 

3.6.4.4. Lead 

The a\'erage concentrations of Pb in Mumbai (for the period 1980-87) were obserx'ed to 
have been showing a gradually increasing trend with the values ranging between 0.25 and 
1 /rgm-', but were within the permissible limits. The maximum concentrations of Pb were 
found to be widely varying and on the increase with the values ranging between 3 and 8 
Mg'm-. 
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3.6.4.5. Carbon monoxide 

Tile average concentrations of CO in Mumbai were found to be relatively stable and were 
below the permissible limits. The maximum hourly concentrations of CO were found to be 
ranging around 2300-2900 jag/m\ 

3.6.5. Bangalore 

The ambient air quality in Bangalore is measured at five locations by CPCB. These 
include; Graphite India (I), Ainco Batteries (I), Karnataka Soaps (I), Anand Rao Circle (C) 
and Jayanagar Police Station (R). The pollutants monitored are TSP, SO,, NO, and Pb. 

The data from CPCB stations has been studied. Data was available only 1988 onwards as 
shown in Figure 3.S. 

3.6.5.1. Total suspended particulate 

The a\’eragc concentration levels of TSP in Bangalore were observed to be gradually 
decreasing in all the three types of areas n'iz., industrial, commercial and residential, and 
stabilized at the 1990 lei els while the concentrations in the commercial areas are slightly 
on the increasing trend. However, they were well below the peimissible standards in all 
the areas. The maximum concentrations of TSP were found to have followed decreasing 
trend with the \'alues when they ranged between SOO-1000 fig/'m' during 1988-90 and after 
a slight increase stabilized at 500 fig/’m'. 

3.6.5.2. Sulphur dioxide 

The average concentration values of SO, m Bangalore were found to have been very stable 
in all the three types of areas during the period 1988-91 with the values ranging between 
20 and 40 /ig nv. In the post 1991 penod. the average concentrations of SO, have shown 
an increasing trend in the industrial and commercial areas while the values m the 
residential areas were noi clearly reported, however, the average concentrations values 
were lielow the permissible limits throughout the period of observation in all the areas 
e.xcept for commercial ares m 1993 when the values just exceeded the permissible limits. 
Tlie maximum concentration values ot SO, were observed to have been on the increasins 
trend with the values ranging around 380 fig/rn^ in the recent years while they were around 
150-250 /ag/m- in the late 1980s. 

3.6.5.3. Oxides of Nitrogen 

The avciage concentration levels of NO, were also observed to have been very stable in all 
the three types ot areas during the period 1988-91 with the values ranging between 10 and 
20 pig/ni and have started to be on the increasing trend in industrial and commercial areas 
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Figure 3.8. Air quality trends in Bangalore 
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in tlic post 1991 period with the values touching 40 ^g/m^ in the industrial areas and 60 
/ig/ni^ in the commercial areas, both showing a slightly stabilizing trend. However, the 
averaue concentration values in all the three areas were well below the permissible limits 
all through the study period with the available data. The maximum concentration values of 
NO, were observed to have been relatively stable with little dispersion when the values 
ha\e ranged between 40 and 60 jLtg/nr' during the period 1988-91 while the values started 
showing a wide range of dispersion in the post 1991 period with the values ranging around 
150-200 jag/ni’. 

3.6.5.4. Lead 

The Pb conccnlration values were found to have followed a gradually increasing trend 
tlurinu 1993/94 with the values ranging between 0.1 and 0.3 jag/nr^ while there has been a 
sudden |Limp at end of 1994 Ibllowed by a tall and a stable trend during 1995. The values 
were observed to have exceeded the pemiissible levels often. The maximum concentration 
values ofPb were found to be increasing gradually touching 2 //g/m'' till 1994 and in 
1995 has started varying widely. 

The changing point for the trends in the pollutant concentrations in the year 1990 is 
probably a result of conscious efforts by the industries and Pollution Control Boards for 
reducing pollution from various sources. 

Table 3 20 gives the air quality data during 1993/94 in the three monitoring 
stations. 

Table 3.20. .Ambient air quality recorded in three stations in Bangalore (1993/94) 


Stan on 

SO. (po/W) 

NO 'juz’nr) 

TSP (jug/'m') 

Anand Rao Ciicle iR) 

63 (60) 

29 60) 

217(140) 

Ainco il) 

42 i80) 

15 80) 

125 (360) 

Ciaonire India d) 

29 (80) 

13 80) 

128 1360) 


'.'ijie FifiLireb in (xiienrheses indicate the NAAO standards (annual averages~for the pollutantln" 
tiitipreiu areai^ - lesidential (R1 in the case of the Anand Rao Circle and industrial (I) in the case of 
Ann 0 ,ind Giaphite India. 

From Table 3.20 it can be noticed that SOt levels in Anand Rao Circle were 
marginally higher than the prescribed standards, whereas TSP levels recorded were very 
much higlier. The characteristics of this area are the tremendous mix of vehicular traffic. 
Three ol the five roads leading to the Anand Rao Junction are from (i) the railway station 
(ii) the bus station and (iii) the city center - all highly congested throughout the day. 

In Bangalore District as a whole, there are 237 industries generating hazardous 
wastes. The district alone accounts for 50 percent of the total hazardous wastes generated. 
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The locations identified for the disposal of hazardous wastes in the district are Sidlaghatta, 
Acchakadirciiahally located 70 km from Bangalore city and Siddadevarabetta, 50 km from 
Bangalore in Magadi taluk. 

The state of the urban environment in Bangalore has deteriorated drastically over 
the past decades. The deteriorating green belt area, the increasing urbanized areas and 
population are main reasons for this changing environmental situation in the city. From the 
industry type (considering the large and medium scale industries), most of them are non¬ 
polluting from the process point of view. They are nonetheless energy consumers - such as 
the engineering, electrical, etc. Major area sources in Bangalore are presently the 14 
industrial estates in the city having mixed types of industrial units. 

The badly planned roads and public transport system, caused a spurt in private and 
2- and 3-\\ heeler transport modes. Visually, it can be said that the main contributor to the 
air pollution in the city is the transport sector; and to a lesser extent the industrial and 
domestic sectors. The vehicular traffic is probably the largest contributor to air pollution in 
the city. Vehicular growth, especially the 2-wheelers is very rapid. Badly planned city 
roads have enhanced the air pollution in the city. Air pollution in the city has increased. 
Below an analysis of this trend is given. 

An air quality morbidity study by the Indian Institute of Science, shows three major 
pollution zones in the city, revealing a predominance in public activity such as (i) a 
centrally located commercial zone, (ii) a residential zone surrounding the commercial and 
(iii) an industrial zone located in at the outskirts. This study monitored TSP, NO,^ and SO, 
in several areas in the city. The high population density (more than 40,000-120,000 
persons per sq.km) areas - Cottonpet, Chamrajpet, Rajajinagar, Majestic, etc., also showed 
high annual mean concentrations of TSP in 1985. The same areas showed high annual 
mean concentrations of SO, and NO^. Due to heavy traffic, and commercial activity this 
region shows high pollution levels. The spatial distribution of pollutants, the city was 
found to be divided into three zones - a centrally located 21 sq.km zone of high pollution, 
an outer moderately polluted zone of 119 sq.km, the outermost area consisting of industrial 
and farming zone of nearly 200 sq.km showed relatively less pollution. 

The total morbidity (including all types of diseases) in the two most polluted areas 
(Chamrajpet and Cottonpet) reported was 32.26% and 38.84% respectively. Of this, the 
respiratory type of disease reported are 15.93% and 15.82%; cardiovascular disease for 3% 
and 5% respectively. This meant that out of the total morbid conditions, approximately 
50“/o IS found to be arising out of respiratory and cardiovascular diseases. One percent 
cancer cases were found to occur in the Cottonpet area. This morbidity data is for persons 
above the age of 10 years. There was only a marginal difference found between male^s^d 
lemales (higher in a few cases). 
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3.7. Energy use pattern 

Table 3.21 gives the time series data of different types of fuels sold in Delhi between 
1990/91 and 1994/95. Average compound annual growth rate (CAGR) of different fuels 
sold during this period is also presented in the same table. Sales of LPG cylinders have 
grown considerably in the city, while that of kerosene have declined. LPG and kerosene 
arc the two dominant domestic fuels. Rate of growth of petrol (or gasoline) has been lower 
compared to the high speed diesel (HSD) oil in the transport sector. Consumption of 
electricity went up from 6393 to 9181 GWh between 1990/91 and 1994/95. Light diesel 
oil (LDO) wdiich is used in the industrial sector has declined between 1990/91 and 
1994/95. 


Table 3.21. Energy consumption pattern in Delhi 


Fueitvpe 

Unit 

1990/91 

1991/92 

1992/93 

1993/94 

1994/95 

CAGRi%) 

1990-95 

Caroline 

OOOt 

344 

356 

363 

375 

408 

4 36% 

HSD 

OOOt 

732 

747 

810 

840 

929 

6.14% 

LDO 

OOOt 

66 

61 

41 

67 

64 

-0..T% 

LPG 

OOOt 

205 

221 

239 

259 

277 

7.82% 

Kerosene 

OOOKI 

- 

iia 

237 

238 

240 

0.63%‘ 

Electricitv 

GWh 

6393 

7041 

7684 

8368 

9181 

9 47% 


Source- For electricitv [CEA, 1993, 1995 & 1996'> and for all others [Govt of NCT of Delhi 1996\ 


CAGR Corresponds to 1992-95 

There are three thennal power stations located within the city limits with a total 
installed pow’er generation capacity of 132" MW as on 1994/95, namely Badarpur (720 
MW coal based), Indraprastha (277 MW coal based and 180 MW gas based) and Raj ghat 
(135 MW coal based and 15 ,MW diesel based). Wliile the Badarpur Power Plant is 
managed by the National Thermal Power Corporation (NTPC), the later two power stations 
are managed by DESU which has been renamed as the Delhi Vidyut Board (DVB). 

Of the total electncity available in Delhi during 1995/96, only 48 per cent of power 
IS generated in the three power stations located within the city and the rest is purchased 
from the neighbouring states. However, in 1990/91, over 70% of the total power available 
in the city came from local generation and 30% was purchased from the neighbounng 
states. This only indicates that growth of electricity consumption in the city is increasing at 
a much higher pace than the local generation potential. 

Consumption of coal, fuel oil and natural gas in power plants and in industries 
liavc been analyzed separately in chapter 5. Gasoline and high speed diesel oil are used in 
the transportation of passenger and freight. Detailed analysis of these two fuels in the 
transport sector is also carried out in chapter 5. Two-wheelers, three-wheelers (auto 
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rickshaw's), taxis and some jeeps/vans/cars are run on petrol. However, in recent years, 
nearly 25% of cars/jeeps/taxis are run on diesel and the remaining on petrol [ACMA, 

/99J}. The domestic sector consumes mainly electricity, while for cooking LPG and 
kerosene are used. 

Tabic 3.22 summarizes the consumption of different fuels in Calcutta between 1980 
and 1990 [Gopalaknshmui 1996). On analyzing the trends of major fuels consumed in the 
city it IS observed that the petroleum products have grown steadily during the last decade. 
For instance, LPG consumption has grown by around 19% annually, petrol by 10%, diesel 
7 8%. kerosene 5.6%. However, total consumption of coal increased between 1980 and 
1986 by 2.7% per year and then declined gradually. The consumption of coal in thermal 
power stations ha\e increased at the rate of 1.7% per annum between 1980 and 1990, 
while its consumption in the domestic sector has declined by about 4% annually in late 
19S0s. possibly due to a shift to kerosene and LPG. Consumption of firewood as a 
domestic fuel in the city has declined in the last decade. 


Table 3.22. Energy consumption pattern in Calcutta (in thousand tonnes) 


Ve.ir 

1980/81 

1981/82 

1982/83 

1983/84 

1984/85 

1985/86 

1986/87 

1987/88 

1988/89 

1989/90 

CACR (%) 

1980-90 

LPG 

1 27 

1 25 

1 59 

1 91 

3 08 

3 14 

3.78 

441 

5.35 

6.10 

19.05% 

Keroene 

23 65 

25 97 

27 64 

29 24 

31 75 

32 15 

33 84 

35 52 

36.27 

38 61 

5 60% 

Coal 

959 74 

960 64 

941 68 

1051 04 

1074 95 

1161 97 

1155 50 

1034 93 

1079 37 

975 02 

0.18% 

Petrol 

43 82 

46 06 

66 07 

71 49 

75 34 

80 02 

86.16 

93.54 

98.42 

103 99 

10 08% 

Diesel 

257 24 

289 75 

31987 

345 21 

406 89 

430.58 

401.08 

429.95 

495.45 

505 69 

7.80% 

Firewnod 

49 28 

47 82 

46 36 

44 89 

43 44 

41 98 

40 88 

39 06 

37 60 

36.14 

•3.39% 


In the domestic sector, coal is the principle fuel used by most urban poor living in 
the “bastis” and squatters settlements. It is also consumed by the families of middle 
income group 

However, based on the statistics provided by the Directorate of Consumer Goods, 
the allotment of coal in the residential sector has declined from 70175 MT in 1990/91 to 
11752 MT in 1994/95. The people living in the “bastis“ and squatters settlements are 
supplementing their coal requirement by simply collecting fuel like firewood, or coal 
residue or buying “gool” and possibly buying coal from unlicensed dealers. 

Supply of LPG has been increasing at a rate of approximately 6% each year. It is 
mainly used by the high and middle income category households. Based on fuel 
consumption data for 1994, it is estimated that nearly 50% of the population (or about 
S3% of the HIG, MIG and LIG) within CMC are using LPG for cooking. 

The allotment of Kerosene oil has remained fairly constant over the years with an 
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annual increase of about 1%. It is primarily used as a standby cooking fuel. 

Substituting use of coal with less polluting town gas by the Greater Calcutta Gas 
Supply Corporation (CGSC) has initiated a project to market town gas to potential 
industrial customers primarily in Howrah. CGSC has the capacity to provide 30 million 
cubic feet per day (MCFD)^ for town gas which will come from Dankuni (20 MCFD) and 
from Durgapur (10 MCFD). According to their market research, town gas could be a 
viable option for steel re-rolling, ceramic and pottery, glass, battery, paper and board 
industries. Successful conversion to town gas is contingent upon: 

* Having proven technology of converting coal, fuel oil and electric furnaces to buni 
town gas. 

* Ensuring uninterrupted supply of town gas 

* Tariff structure, subsidies or regulatory interventions that would encourage 
industries to switch from coal/oil to town gas 

As regards to the power distribution system is concerned, CESC is responsible for 
supplying power to the Calcutta city. There are 5 coal-fire power generating stations and 
one diesel based standby station (for meeting peak power demand) located within CMA 
area which are managed by CESC. The total availability of electricity in CMA during 
1994/95 was 6467 GWIi. Of this total availability, nearly 57% was generated by CESC 
and the rest was purchased from WBSEB (37%) and DVC (6%). 

Table 3.23 gi\'es the consumption of petroleum products in Greater Mumbai from 
19S5 to 1993 During this period, LPG, kerosene. HSD, LSHS consumption increased by 
2.5" i), 1.2To, 4.9"'o and '.5“'o per annum respectively. While the consumption of gasoline, 
furnace oil and LDO decreased annually by 0.5%, 4.5%. 12%o respectively. Due to non 
a\ailability data on LSHS consumption in the TATA power plant in 1992/93, total 
consumption of LSHS is not presented in Table 3.23. 

Data on total coal consumption m Greater Mumbai is not available beyond 
19S5/S6 Coal consumption in 1985/S6 was 2.12 million metric tons, with sulfur content of 
0.5 "0 and ash content of 12'-’'1). 

Power supply in BMR is catered by TEC. TEC are responsible for generation of 
power and its distribution in the city. Demand for any additional power in the city is met 
h) TEC by purchasing power from MSEB. TEC has six thermal units located at the 
Chembur-Trombay area in BMR with a total installed capacity of 1355 MW. Detailed 
analysis ot type ot coal, oil and gas consumed in these six units of TEC, and generation of 
power aic provided in chapter 5. Consumption of electricity in Greater Mumbai has grown 
at the rate of 3.7% per annum - from 7591 GWh in 19S5/86 to 9447 GWli in 1992/93 


MCFD ot gas is roughly equivalent to 20 MT/Day of coal. 
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(Tabic 3.23). 


Table 3.23. Energy consumption pattern in Greater Mumbai 


Energy 

source 

Unit 

1985/86 

1986/87 

1987/88 

1988/89 

1989/90 

1990/91 

1992/93 

CAGR(7o) 

1985-93 

LPG 

lO" 1 

201 

202 

204 

213 

213 

214 

233 

2 49% 

Kero:.ene 

lO" 1 

447 

436 

430 

438 

448 

471 

480 

1.197o 

HSD 

10" 1 

438 

469 

508 

529 

551 

560 

583 

4.88 7o 

C.isoline 

10" 1 

287 

300 

314 

330 

345 

362 

279 

-0.477o 

Furn.ice oil 

10" 1 

403 

300 

367 

397 

298 

299 

306 

-4.497o 

LSHS 

10" 1 

527 

549 

408 

612 

616 

755 

na 

7.467o 

LDO 

10" 1 

99 

99 

118 

118 

115 

108 

46 

-11.997o 

Electricity 

GWh 

- 

- 

- 

7968 

8182 

8495 

8732 

3.097o 


Note: For electricity data pertains to the Bombay Metropolitan Region only bv TEC, and CAGR 
for 1988-93. 


The total energy consumption in all the sectors put together was 30336 TJ (terra 
Joule) in 1986/87. Of this total energy, the relative shares of the sectors are as follows: 
domestic 30%, industry 33%, transport 20% and others about 18% (Table 3.24). 


Table 3,24. Sectoral energy use in Bangalore during 1986/87 (TJ) 


Fuel type 

Domestic 

Industrv' 

Transport 

Others 

Total 

LPG 

845 

95 

0 

195 

1135 

Kerosene 

4802 

400 

0 

0 

5202 

Coal 

0 

1690 

346 

0 

2036 

FO 

0 

2517 

0 

0 

2517 

MS 

0 

0 

3815 

0 

3815 

HSD 

0 

1421 

1853 

4747 

8021 

LDO 

0 

573 

0 

0 

573 

Electricity 

3334 

3231 

0 

472 

7037 

Total 

8981 

9927 

6014 

5414 

30336 


Note The value 0 indicates no consumption of the fuel and/or negligible consumption m comparison 
with the other tuels. 

Source Sudhakara Reddy, 1990 


The present power situation in the city is not good. Load-shedding (both scheduled 
and unscheduled) is a common feature. This situation is the same for the State as a whole, 
although the total energy generated in the generating stations within the State during 
1993 94 was 14,284.94 GWh as against 12,762.32 GWh in the previous year (an increase 
of 11.93?'(i). The Karnataka Electricity Board (KJEB) purchased 16,798.947 GWh of energy 
out of which Karnataka Power Corporation (KPC) contributed 13,268.461 GWh and the 
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remaining 3,530.486 GWIi from the neighbouring states. 14,044.320 GVVh of energy were 
sold to the consumers within the state, as against 12,957.28 GWh sold during the previous 
year, recording an increase in sale by 8.39% (Karnataka Electricity Board, 1993/94). 

Bangalore does not have any major power plant (except the 127 MW Yelahanka 
power plant recently set up) within the city that provides indigenous power. It relies on 
power from Ramagundam in AP, Neyveli and Kalpakkam in TN. 

3.8. Environmental impacts of energy production and consumption 

The combustion of fossil fuels for power generation, in motor \chicles, in industrial 
procc.sscs arc the principal source of air pollutant emissions in Delhi. The Central Pollution 
Control Board has estimated that nearly 2000 metric tonnes of pollutants (which includes 
CO, SOj, NO,, HC and TSP) were emitted daily in Delhi during 1993 [CPCB, 1993/94). 
Emission loading in the city from various sectors have been increasing over time. 
Particularly the share of transport sector has been fast increasing which currently accounts 
for nearly two-thirds of the total emissions m the city, followed by industries around 29% 
(Table 3.25). 

Table 3.25. Trends in sectoral share of emissions in Delhi 


Sectoi 

1970/n 

1980/81 

1990/91 

Indii.strv 

567o 

40% 

29% 

Tiansport 

23% 

42% 

63% 

Domestic 

21% 

18% 

8% 


Estimated emission of Carbon monoxide (CO) in 1990/91 was 1063 metric tonnes 
followed by NO, 323 tonnes. HC 320 tonnes. SO, 179 tonnes and TSP 138 tonnes (CPCB. 
1993^94). 

Table 3 26 summarizes the estimated pollution emissions from various sectors. 

^ ehicLilar iratfic is the main source ot CO. NO, and Pb emissions which have increased 
signilicantly (owing to the increase in vehicular population). While thermal power stations 
and industries contribute to TSP, SO, and NO, emissions. 


rrRi Ki poKr NO 94/EM/53 ny97) 



Bose, Srmiv,is, Mathur, Dass 58 


Table 3.26. Sectoral emissions in Delhi (tonnes/day) 


Pollutant 

Transport 

Power 

Industries 

Domestic 

All 

TSP 

13 (10%) 

50 (377o) 

60 (447o) 

12 t97o) 

138 (1007o) 

SO: 

11 (67o) 

121 (687o) 

35 (207o) 

12 (67o) 

179 (1007o) 

NOx 

157(497o) 

143 (447o) 

20 (67o) 

3(17o) 

323 (1007o) 

CO 

810 (767o) 

8 (17o) 

128(127o) 

117 fn7o) 

1063 (t007o) 

HC 

310(977o) 

2 (<17o) 

6 (27o) 

2{<17o) 

320 (1007o) 


Source CPCB, 1993/94 


During 1993, more than 1300 metric tonnes of pollutants were emitted by the 
vehicles plying in Delhi. This is more than half of what was emitted in 1987 (S70 metric 
tonnes). Two and three wheeled petrol vehicles constitute over 70% of the total vehicles 
registered in Delhi (over 90% of these vehicles have two stroke engines which are highly 
inefficient) are one of the major sources of air pollution in Delhi. Diesel driven vehicles 
constitute about 6% of the registered vehicles and contribute about 19% of the total 
vehicular emissions. 

According to CPCB, the three thermal power plants in Delhi, viz., Badarpur, 
Indraprastha and Rajghat emitted about 302 metric tonnes of pollutant every day in 1993, 
which IS almost one-third of the daily emission in 1987. With improvement in the 
efficiency of electrostatic precipitators installed in these plants, the TSP emissions have 
reduced considerably - from 720 metric tonnes per day in 1987 to only 50 metnc tonnes in 
1993. 

The main sources of air pollution from industries located in Delhi in 1993 were, 
one chemical, one cement, 40 hot mix plants, and about 10,000 other types of industries. 
Nearly 240 metric tonnes of pollutants were emitted daily from industries in Delhi, which 
accounts for 12% of the total emissions. With the introduction of Prevention and Control 
of Pollution Act 1981. over 390 large and medium size industnes in Delhi have installed 
pollution control devices. 

The high level of coal consumption in power stations and that of petrol and diesel 
in the transport sector have led to significant emissions loading of critical pollutants. The 
total pollution load in the city has increased from about 224,000 tonnes in 1980/81 to 
280,000 tonnes in 1989/90 (Table 3.27). 
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Table 3.27. Annual emission in Calcutta (thousand tonnes) 


Year 

TSP 

CO 

HC 

NO, 

SO, 

Pb 

Total 

1980/81 

74.93 

69.31 

27.36 

20.81 

31.64 

0.009 

224 

I98J/84 

78.30 

86.35 

31.95 

25.18 

36.47 

0.016 

258 

1986/87 

82.07 

98.51 

35.71 

28.26 

40.44 

0.021 

285 

1989/90 

75.67 

100.36 ' 

37.72 

31.18 

41.21 

0.027 

286 


SiuiKv. G^)p,ll«lkll^llllan, 1997 


In I9<S{)/SI, anniLil total emissions from the industrial sector (thermal power 
proiliiciion and other maniiracluring industries) had the highest share at 62%, followed by 
the transport sector at and the domestic sector at 15%. Over the decade, the emissions 
from the transport sector have grown at a taster rate, thereby accounting for a larger share 
of 58 5'’it in 1989/90 as against 53.8% of industry and 7.7% of domestic emissions. The 
rate of increase of transport sector emissions is such that inspite of decline in emissions in 
absolute units in the industries and domestic sector, the pollution load of the city as a 
whole has increased. 

The working groups of the URBAIR project decided to use the WHO/EPA 
emission factors for estimating emission loading from various sources for Mumbai {World 
Bank, 19%). k number of sources contribute emission of TSP, including PM,o (particulate 
matter of 10 microns or less), SO^ and NO^ in the city as given in Table 3.28. 


Table 3.28. Source contribution to emissions in Greater Mumbai, 1992 



TATA 

theiinai 

Tinnsport 

Resuspension 

Industry 

Domestic 

Wood 

Marine 

Reruse 

domestic 

power 

picint 

Gasoline Diesel 

Kerosene 

Burning 

TSP 

6 /o 

5% 9% 

40 “’a 

7% 


17% 

2% 

14% 

P.M 

10% 

8% 16% 

1 S's 

10% 


14% 

3% 

23% 

SO 

33% 

1 °'o 4% 

- 

48 7o 

2% 

- 

12% 

- 

NO 

30% 

18% 34% 

- 

11% 

4% 

- 

3% 

- 


Source Woilcl Bank, 1996. 


Daily emission loading of these pollutants were 89, 44, 216 and 71 metric tonnes 
respectively during 1992.'93. Road traffic, panicularly resuspension of road dust (40%). 
wood bunting (17%), domestic refuse burning (14%) and furnace oil use in industry (7%) 
are the largest sources of TSP emissions. While, refuse burning (23%), resuspension of 
road dust (I6%|, vehicle e.xhaust from diesel trucks (16%) were dominant source for PM,„ 
emissions. Emissions of SO. were calculated on the basis of 4% sulphur content in fuel 
oil, I.S'K, EDO, 1% each in LSHS and HSD, 0.25% in kerosene and 0.2-0.25% in gasoline 
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with different octane rating. Industries (48°'o) and TEC thermal power plant (33%) were 
the main contributor of SO, emission. As far as NO^ emission is concerned, vehicle 
exhaust especially from diesel trucks contribute as high as U%, and TEC thermal power 
plant 30%. 

The nature and magnitude of vehicular pollution load was attempted by the 
Karnataka State Council for Science and Technology, Indian Institute of Science, 

Bangalore in 1995 [IIS, 1995). However, no studies were found which estimated the 
emission load in the city from the other sectors. With this limited data, it was estimated 
that nearly 1145 metric tonnes of vehicular pollution load were emitted daily in 1994/95. 
The two and three w'heelers accounted for 57% of the total load and the four wheelers 
accounted for 30°'o emission loading. The major pollutants from the transport sector were 
CO (63.7%), HC (24.8°^,), NO, (9.95%), TSP (0.9%) and SO, (0.67%) respectively. The 
exhaust emissions for x'arious vehicles show maximum emissions from heavy duty diesel 
powered vehicles followed by light duty diesel powered vehicles and motor cycles. 
However, the percentage pollution load of two wheelers is the highest as they constitute 
75\ of all the vehicles on Bangalore roads. Over 85% of the total vehicular pollution load 
uas due to petrol dri\’en vehicles and the remaining 15% due to diesel driven vehicles. 

Other than vehicles, industries, open cooking, garbage, open sewerage, generator 
sets etc. also contnbute to air pollution. However, emission contribution from these 
sources in the city are not yet available. 
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CHAPTER 4 


Framework for analysis 


This chapter gives the methodological framework used for analyzing the environmental 
implications of energv use in transport, power and manufacturing industrial sector located 
in each of the four cities - Delhi, Calcutta, Mumbai and Bangalore. The proposed 
framework is flexible enough and can be easily applied to a spectrum of large Asian cities. 

4.1. Transport sector 

4.1.1. Energy demand and emissions using LEAP model 

A simple model of passenger and freight transport for Indian cities have been developed 
using a computer based software called - Long Range Energy Alternatives Planning 
(LEAP) and the associated Environmental Database (EDB) system - to estimate the energy 
demand and emission levels under different policy scenarios. 

4.1.1.1. What is LEAP? 

LE.AP is a computer based accounting and simulation tool designed to assist policy makers 
in e\ aluating energy policies and developing sound, sustainable energy plans {SE1~B, 

199S) LE.AP has been developed by the Stockholm Environment Institute - Boston (SEI- 
B) The Environment Database has been developed by SEI-B with additional support from 
the United Nations Environment Programme (UNEP), and is a joint UNEP/SEI activity. 

The central concept of LE.AP is an end-use driven scenario analysis. To start with, 
current energy situation and estimated future changes based on expected or likely plans 
and growth trajectones are developed in LEAP. This "business-as-usual" (BAU) scenario is 
referred to as the base case. Then, one or more policy' scenarios with alternative 
assumptions about future developments are developed. Under scenario features, any 
number of "what if questions can be analyzed. For instance, in addressing urban transport 
policy scenarios, the type of questions could be - what if more efficient technologies are 
introduced? what if clean fuels are introduced? What if mass transport facilities are 
introduced? 

LEAP system therefore, helps in analyzing the current energy scene and simulate 
altematu’e energy futures along with environmental emissions under a range of user- 
dellned assumptions and arrive at strategies that best address environmental and energy 
problems. 

^Viihin the LEAP framework, the Energy' Scenarios programme provides a 
disaggregated, end-use approach to analyze energy requirements. First, data are assembled 
in a hierarchical format based on four levels: Sector, Subsector. End-use and Device. Next, 
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data on average energy requirements {Encrg}> Intensity) of each Device (at the fourth level) 
arc required at the final step for estimating the energy requirements at the 
scctoral/subsectoral/end-use levels under alternative scenarios. On the other hand, the 
cinironment programme arc based on emission coefficients contained in EDB. EDB is 
linkotl to the Energy Scenarios programme to analyze the environmental impacts of energy 
alternatives over the time horizon considered. 

Under each of the four levels, five reference years (with first year as the base year) 
can be chosen for which energy demand and resultant emissions are evaluated. Apart from 
the base year data in LEAP energy module, it also requires data for any of the future years 
(estimated e.xogenously) and then the LEAP framework can estimate energy demand and 
emissions by using inteipolation/extrapolation method. Alternatively, along with the base 
year data in LEAP energy module, growth factor can be specified to estimate energy 
demand and emissions for the remaining reference years. Former method is used in this 
study for estimating energy demand and emissions under alternative scenarios. 

4.1.1.2. LEAP Iramework 

The specific model for estimating energy demand and emissions by the transport sector in 
the four cities Delhi. Calcutta, Mumbai and Bangalore using LEAP framework is described 
in this section. The four levels are illustrated by a schematic diagram in Figure 4.1. The 
reference years considered for this smdy are 1990/91 (base year), 1995/96, 2000/01, 

2005 06 and 2010/11. 

For the Energy Scenarios programme of LEAP, the data requirement at the four 
levels include; 

Total passenger and freight travel demand in the four cities estimated 
using Eq.(4 2) desenbed later. Passenger and freight travel demand 
are expressed in billion (10‘^) passenger kilometre (bpkm) and billion 
tonne kilometre (btkm) respectively. 

Percent share of total passenger and freight travel demand catered by 
different modes estimated using Eq.(4.2). 

Percent share ot total travel demand catered by different technologies 
under a given mode. In other words, disaggregation of major modes 
according to the range of technologies and alternate fuels. 

Inverse of average occupancy (load) level for passenger (freight) 
vehicles. Inverse of occupancy level of passenger vehicles is also the 
vehicle space per passenger. 

Under Energy Intensity, fuel efficiency norms associated with each type of vehicle 
at the fourth level (Device), expressed in kilograms of oil equivalent per kilometre 
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Figure 4 . 1 . LEAP schematic diagram for urban transport 
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(ki;oc/km) is compiled within the LEAP framework. In other words, .Eq.(4.3) described 
later, is used to compile database in the energy module of LEAP to estimate fuel demand 
by various modes and technologies. 

Whereas, Emission Coefficients - expressed in mass of pollutants emitted per unit 
of fuel burnt (emission factors) are compiled for the six major pollutants viz., CO, HC, 
NO,, SOi, TSP and Pb under typical Indian urban driving cycles' in the EDB structure of 
LE;\P. Eq. (4.4) described later, is used for compiling database in the EDB module of 
LEAP to estimate emissions by different modes and their respective technologies. 

A linkage is then developed between the device level in both energy scenarios 
program and EDB. LEAP model is then run to estimate the level of energy demand and 
emission level of different pollutants, in a range of defined scenarios described later. 

4,1.1.3. Growth of vehicles and travel demand 

The following equations are used for estimating growth of motorized vehicles in the four 
cities and the passenger and freight travel demand for the five reference years. 

Number of vehicles registered from 1984/85 to 1994/95 are regressed with time in 
each of the four cities to extrapolate their growth. The functional form of the linear 
regression is given in Eq.(4.1). 

V^, = a + b^t k=l,: .6 (4.n 

where, V,,^ denotes the number of registered vehicles of type (or mode) k in time period t 
[t= ( 11 ^ 1 ) - 1984-85, with n = reference year]. The coefficients in Eq.(4.1) is obtained by 
the ordinary least square method. Index k m Eq.(4.1) denotes mode of transport. Data on 
registration of \'ehicles are a\^ailable for five types of passenger modes and one freight 
mode. These include mo-wheeler (scooter, motor-bike and moped), tliree-wheeler 
(autorickshaw), car and jeep, taxi, bus, and the goods vehicle. 

Passenger (freight) travel demand catered by different modes in year t is given by 
Eq.(4.2). 

D, = xU, xO^ k=l,2 .,6 (4.2) 

where, D denotes passenger (freight) travel demand expressed in passenger kilometre 
(tonne kilometre), V denotes the registered number of motorized passenger (freight) 
vehicles estimated Eq.(4.1), U denotes average vehicle utilization and 0 denotes the 


A typical urban drivini' cycle is a four-cycle mode and consists of idling, acceleration, cruising and 
deadanil ion 


rCKl REPOiu NO. 94/EM/53 M997) 





Bose, Srmivas, Mathur, Dass 65 


average occupancy (load) of vehicle. Total passenger (freight) travel demand is the 
aggregation of travel demand across different modes. 

The distribution of six major road based transportation modes denoted by index k 
above are further disaggregated according to the types of technologies denoted by index i. 
Technologies include new and efficient technologies including end of pipe or control 
technologies as well as the use alternate fuels in a specific technology. Following range of 
technologies and type of alternate fuels have either been plying on the road or are likely to 
be introduced in near future in the four cities. 

• Scooter/motorcycle/moped: Two and four stroke gasoline technologies 

• Autorickshaw: Two stroke gasoline, propane and battery operated technologies 

• Car/jeep: Pre-1984 and post-1984 gasoline without catalytic convertors, post-1994 
gasoline with catalytic convertors, diesel, CNG and battery operated technologies 

• Taxi: gasoline, diesel and CNG technologies 

• Bus: diesel bus, CNG, battery operated technologies 

• Goods: light commercial or heavy commercial vehicles. 

4.1.1.4. Energy demand 

Energy demand by a given technology i in year t is estimated by using Eq.(4.3). 

F„ = D, xS,xO;'xE, i = l,2,.n (4.3) 

\\here. F denotes annual fuel demand expressed in kilograms of oil equivalent (kgoe). S 
denotes the percentage share of total passenger and freight travel demand by various 
modes. E denotes the operating energy intensity^ expressed in kgoe.'pkm or kgoe/tkm 
depending upon the passenger or goods vehicles. Total energy demand is obtained by 
aggregating fuel demand across different modes and their respective technologies. 


4.1.1.5. Emissions 

.Annual emissions of six pollutants (viz., CO, HC, NO,,, SO,, TSP and Pb) denoted by j in 
year i are estimated by using Eq.(4.4). 

P,„ = F, \ EF,„ i = 1,2.n and j =1,2.6 (4.4) 

where. P denotes emissions expressed in tonnes and EF denotes emission factors expressed 


'Tlie operaiimi eneruy intensitv represents the fuel etficiency ot differeni technologies. Il measures the 
amount ot eneriiv needed by a specific technology to move 1 person over 1 km by a given mode (Guvcrnment 
of hidui I'ASO] 


lERl RtPORT NO. 94/EM/53 (1997) 






66 Environmental aspects of energy use in urban areas 


in grams per litre of fuel burnt (g/1). Total annual emissions of a pollutant can be obtained 
by aggregating the emission values across different modes and technology. 

4.1.2. Scenario construction and assumptions using LEAP 
Three scenarios arc considered to study the impact of different urban transport policy 
initiatives that would reduce total energy requirement and emissions in the road based 
passenger transportation in the four cities compared to the business-as-usual (BAU) 
scenario. These scenarios are defined below: 

4.1.2.1. Business-as-usual or base case 

This scenario assumes that the present trends of growth in registration of vehicles in each 
of the four cities will continue, while the present fuel efficiency norms, occupancy level 
and vehicle utilization pattern for different modes will remain unchanged in future. 

4.1.2.2. Alternative scenarios to contain energy demand and emissions 

Scenario I : Strengthening of public buses 

This scenario e.xammes the impact of strengthening of public buses on energy demand and 
emissions. 

Scenario 2 . Introduction of efficient teclinology and cleaner fuel 

This scenario examines the impact of introducing the following technological options and 

cleaner tuel - in a phased manner between 2001 and 2011 - on energy demand and 

emissions. 

(a) Promote 4-stroke engines: For two-wheelers, conversion to 4-stroke engines on an 
average result in a 46% fuel economy improvement, and a reduction in HC emissions by a 
factoi ot at least 5 times (Table 5.7). This is an option for new vehicles and payback to 
the consumer occurs in 2 years or less at current prices. In view of this, the widely 
pie\'aleiit two-wheeler technology ot a 2-stroke cycle engine needs to be discouraged. 
Pioduciion of fuel efficient 4-stroke engines has been initiated at a small scale. The 
Government should gi\e incentives for popularizing the production of 4-stroke engines. In 
fact. 4-stroke technology should be made mandatory for two-wheelers of sizes 100 cc and 
above. Government tax policies should be re-examined to make fuel economy and not 
engine size, the basis for taxation, as larger engines can be both more fuel efficient and 
less polluting in many applications. 

Given this background, scenario 2 assumes a greater level of penetration of 4-stroke 
technologies in the four cities in the next decade (2001-2011) as compared to the BAU 
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scenario. 

(b) Introduction of cleaner and alternate fuel: Given the high growth of diesel use in the 
transport sector, technological improvements to diesel engines will be insufficient to curb 
diesel demand. Though for diesel buses, Indian manufacturers are in the process of 
upgrading engine technology to obtain up to 10°o better fuel economy. This can be aided 
by using radial tyres for trucks and improving the quality of lubricants used in the engine, 
gearbox and axles to provide an additional S-10% fuel economy benefit. Particulate traps 
and catalysts are good retrofit options for urban use diesel vehicles such as buses. 

India, with its large reser\'es of gas, through pilot projects in major cities are 
examining conversion to natural gas power engines. CNG is better suited to spark ignition 
engines than diesel engines which require extensive modification for use with these fuels. 
Gi\en the low cost of spark ignition engines relative to diesel engines, this option has 
started gaining much attention in India. This option may be particularly suitable for light- 
hea\'y urban deliver)' trucks and buses, and their use will result in large reductions in NO^ 
emissions and elimination of smoke emissions. 

Scenario 2 therefore assumes that with removal of subsidies in diesel oil, 
dependence on diesel is likely to decline in the next decade and would be substituted by 
CNG and battery operated vehicles (BOVs). 

(c) Development of CNG including propane for transportation: Government of India in 
1992 through the Ministry of Petroleum and Natural Gas selected the Gas Authority of 
India Limited (GAIL) as a nodal agency for implementing CNG pilot phase operation in 
Delhi, Mumbai and Vadodara in Gujarat State. On a pilot scale operation three mother 
stations, one each in Delhi, Mumbai and Vadodara were established with 5 retail outlets in 
Delhi. 4 in Mumbai and 2 in Vadodara to seiv'e the retrofitted CNG vehicles. Six diesel 
buses of Delhi Transport Corporation (DTC) were also converted on dual fuel mode. The 
R & D projects in regard to application of CNG and propane in three wheelers were 
undertaken at Indian Institute of Petroleum (IIP), Dehradun and Automotive Research 
Association of India (ARAI), Pune, respectively. At the end of the pilot phase operation, 
the conclusion has been: 

* CNG retrofitting on petrol vehicles is technically workable and commercially viable 
both in terms of environmental protection and cost benefits. 

* The dual fuel mode operation of diesel bus was not found encouraging from the 
economic point of view. A dedicated CNG bus is an acceptable proposition. 

* The three-wheelers con\'ersion to CNG has been technically acceptable but initial 
cost of the kit including physical location and lubrication system are still to be 


TERI REPORT NO. 94/EMy53 (19971 



68 EiwironmcnU]! aspects of energy use in urban areas 


addressed for commercial adoption. 

The following agencies arc involved for implementation of CNG programme in 
Delhi and Mumbai: 1/ Oil marketing companies for offering the retail outlets; 2/ Kit 
suppliers; 3/ Conversion workshops; 4/ Vehicle manufacturers and users; 5/ Statutory 
authorities. For instance in Mumbai the type approving authorities are ARAI, IIP, BMC, 
BEST/ BSES and Regional Transport Office (RTO); 6/ Gas Supplying Company, like in 
Mumbai, Mahanagar Gas Limited (MGL), Gas Authority of India Limited (GAIL), Oil and 
Natural Gas Commission (ONGC), etc. 

In view of the de\'eloprnent of CNG taking place in Delhi and Mumbai, it is 
assumed that CNG based vehicles will play a greater role in these two cities in the coming 
decade as compared to the BAU scenario. While, in Calcutta and Bangalore no CNG based 
vehicles would e.xist in the ne.xt decade due to the lack of its infrastructure layout in the 
two cities. 

(d) Development of BOVs: Battery operated three wheelers, cars and buses as an 
alternative to the com'eniional ones has been considered for introduction in the four cities 
in a gradual manner during the next decade to minimize local environmental impacts. 

In view of these considerations, the new and efficient technological options which 
are considered for anah'sis in scenario 2 include: 4-stroke engines with three-way catalytic 
comertors for two-wheelers, propane based three-wheelers, CNG based cars/jeeps and 
ta.\is. and buses. In addition to this, battery operated three-wheelers, car and jeep and 
buses is also promoted in scenario 2. 

Scenario 3 : Strengthening of public buses, efficient technologies and cleaner fuel 
This scenario integrates the result of scenario 1 and 2 and provide the overall impact on 
energy demand and emissions. 

4.7.3. Financial analysis of alternative clean technologies 
In addiiion to the LEAP results, an attempt has also been made to examine the financial 
tcasibiliiy on the basis ot net present value of introducing two alternative cleaner 
technologies on city roads in India. These include - (1) BOVs as an alternative to the 
conventional 2-stroke three wheelers or autorickshaws, and (2) use of CNG as an 
altematn'e to the conventional passenger cars. 
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4.2. Power sector 

4.2.1. Power requirement and supply potential 

The first objective in the stud>’ is to estimate the demands for power in the cities for the 
future years in order to examine the demand-supply situation and to estimate the level of 
emissions which would be emitted in the cities in the base case. The requirements for 
power in the cities have been projected on the basis of past growth trends as well as rates 
projected by the planning authorities. 

For the purpose of examining the trends of energy consumption and impacts of 
emissions from such energx' use, the city area which is generally taken up for planning 
purposes and which is especially susceptible to changes in environmental impacts due to 
social and economic activitx has been delineated. The requirements of power and plans for 
capacity addition would effectively arise in response to the requirement posed by 
population pressure, energy intensive lifestyles and changing levels of economic activity. 
Even though planning in the power sector is not done at the city level as such in India and 
power development plans arc made for the regions as a whole, it is expected that changes 
in the demographic or economic profile of the city would definitely have a bearing on the 
demand-supply position of the city. 

As a first step, the electricity requirement at the city level on a per capita basis is 
examined. Since total consumption of a city would be influenced both by domestic/private 
consumption as also industnal development processes, the per capita requirement has been 
restricted to non-industrial consumption. This includes domestic, commercial, public 
lighting and water works, railway traction and miscellaneous uses since it is expected that 
these categories of consumption would be dependent on population growth within the city. 
The trends m per capita electricity consumption are sought to be examined with respect to 
the socio-economic and demographic characteristics of the cities. 

Based on the requirements of electricity in the cities, the generation which is met 
from within the city limits as against purchases from the neighbouring regions is analyzed. 
The existence of local generating capacity has a direct bearing on the level of fuel 
consumption within the cit\ limits, and the level of resultant emissions to which the 
population of the city would be exposed (depending on the efficiency with which the fuel 
and control technologies are used). 

On the basis of the specific fuel consumption for each of the plants and the 
generation levels, the quanmm of fuels consumed by each plant in the city has been 
estimated. The specific fuel consumption is indicative of the efficiency of the power plants 
and the older plants which are more inefficient (as in case of Mulajore and New Cossipore 
>n Calcutta) liave higher spe-cific fuel consumptions of approximately 0.9 kg/kWh as 
compared to the newer plants using pulverized fuel technology which have a specific fuel 
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consumption of approximately 0.6 kg/kVVh. 

Specific fuel consumption x generation = Total fu^l consumption 

Next, depending on the fuel consumed, the emissions for the various pollutants 
(TSP. NO,, SO,, CO, HC) arc calculated using the methodology given below. Emission 
factors provided by the CPCB and WHO have been used to estimate the level of emissions 
of various air pollutants. 

Emission factor x total fuel consumption = uncontrolled emission 

Where possible, the quality of fuels used and the technologies used by the power 
plants have been taken into consideration to estimate emissions emanating from these 
poner plants from 19SS/S9 to 1994/95 within the city limits. 

In the future, gas based power generating capacity is the most likely option from 
the environmental point of view. However, with the availability of large resources of coal 
in India, it is expected that substantial coal based power generation would continue to 
exist. Therefore, various clean coal teclmologies have been examined to analyze the pros 
and cons with respect to the adoption of any of these technologies. 

Alternative scenarios of reduced emissions as compared to the base case have been 
de\ eloped. Based on the generation levels and specific fuel consumption levels in Delhi, 
Calcutta and Mumbai till the year 2001.02. the resultant emissions under the BAU scenano 
and alternative scenarios adopting cleaner technologies are computed and the emission 
reduction potential under each alternative case is examined, 

4.2.2. Scenario construction and assumptions 

Fne altematne scenanos are considered to study the impact of different policy initiatives 
111 tile power sector that would reduce the total energy requirement and emissions in the 
three cities (excepting Bangalore) with respect to the business-as-usual or base case 
scenario. Bangalore does not have any major power station located within the city limits. 

4.2.2.1, Business-as-usual or base case 

In the biismess-as-usual or the base case scenario, we have assumed that the growth rates 
projected for power requirement in the respective regions holds for each of the power 
plants located withm the cities. On this basis, the total power required by each of the 
plants 111 the 3 cities has been projected. Till date, the existing specific fuel consumption 
figures have been considered. For the fumre.-it has been assumed that the specific fuel 
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consumption rates do not change from the current rates and remain constant till 2002. 
Accordingly, the use of fuels for power generation by various technologies in the 3 cities 
IS estimated. Based on the type of pollution control device installed in each of the plants, 
the pollution levels are estimated in the base case. 

Even though it is generally stated that ESPs function at 99% efficiency levels, the 
base case assumes that the ESPs are working at 95% efficiency (which includes 
maintenance time etc). In case of Multi cyclones (for 2 CESC plants in Calcutta), the base 
case efficiency has been assumed to be 85%. 

The alternative scenario would be restricted to looking at technological/fuel choices 
which have lower emission levels and which could replace the existing technologies. 

4.2.2.2. Alternative scenarios to contain energy demand and emissions 

Scenario 1 : Better housekeeping and operating practices 

This IS a "win-win" alternative which can be adopted by power plants at negligible cost by 
gearing up their housekeeping measures and operating practices. Such changes have been 
included since 1997/98. 

Scenario 2 : Better control technology (enhanced performance of ESPs and Mulimolones) 
This scenario would consider the case where any plant which does not have an ESP would 
have It installed and plants with control equipment working at 95% efficiency (as in the 
base case) are assumed to w'ork at 99.%o efficiency. Multicyclones are expected to work at 
90^0 efficiency as compared to 85% in the base case. The improved efficiencies have been 
considered to be existant over the entire time period. 

Scenario 3 : Low NO, combustion 

E\ en though no policy exists for monitonng the levels of NO, and SO. emissions, it is 
important to consider their reduction especially in light of future developments in policy 
and eiiMronmental control. The technology is made available from 1997/98 onwards. 

Scenario 4 - Sorbent injection 

The sorbent injection technology is particularly important in order to control SO. 
emissions only. The technology is assumed to be available from 1997/98 onwards. 

Scenario 5 : Coal w'ashing for TSP reduction 

This scenario considers the option ot washing coal for reducing its ash content and 
consequently its TSP emissions, due to increase in operating efficiency of the plant apart 

from reduced ash levels. 
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In addition to the introduction of control technologies defined in scenarios 1 to 5, 
ad\-anccd clean coal technologies, like, Atmospheric Fluidized Bed Combustion (AFBC), 
Pressurized Fluidized Bed Combustion (PFBC) and Integrated Gasification Combined 
Cycle (IGCC) technologies arc likely to be introduced for power generation in India. 
Relative merits of these technologies are also discussed briefly in chapter 5. 

4.3. Industrial sector 

An attempt has been made to study the trends in industrial energy intensities and the 
associated environmental implications in the four cities under study. Very little data is 
a\ailable regarding the industrial units and their operational aspects in the cities under 
study In some cases, no inventoi'v even exists, and whatever information available is 
either an approximation or very' old. 

The only published source of infomiation on industries, is the Annual Survey of 
Industries (ASI) published by the Central Statistical Organization, Government of India. 
However, ASI covers only the registered factories under the Indian Factories Act, 1948. 

A registered factory implies any premises where; 

• ten or more workers are working or were working on any day of the preceding 
twelve months and where a manufacturing process is being carried on with the aid 
of power. 

• tw enty or more workers are working or were working on any day of the preceding 
twehe months and where a manufacturing process is being carried on (this does 
not include a mine subject or railway running shed). 

.ASI compiles industrial data in nvo different series, viz., one series is brought out 
e\-en' year consisting of monetary data for various parameters including energ\’ 
consumption, inputs, outputs, \'alue added, etc. for NIC two digit level industries state-wise 
and not at the city level; and the second senes is a more detailed data published once in 
e\ery ti\e years which includes detailed data on actual fuel consumption, production, 
inputs, outputs, plant and machinery', etc. for the NIC four digit level industries which runs 
in to 15 volumes and is available for the years 1978/79. 1983/84, 1989/90 and 1993/94, 
This ASI detailed survey data lor tactory sector covers all the manufacturing industries 
represented by NIC codes 20 to 39 the desenption of which is given in Table 4.1. 

In the absence of city level energy related information in physical units, the states 
in which these cities are situated (viz. Delhi in Delhi state, Calcutta in West Bengal state, 
Mumbai in Maharashtra, and Bangalore in Karnataka state) have been considered for 
compiling data required in accomplishing the task of identification of energy intensive 
industries. 

A three step procedure is adopted using the published Annual Survey of Industries 
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data to analyze energy demand and its composition in energy intensive industries. 

Table 4.1. National Industrial Classification for manufac turing industries 

NIC Code _ Type of industry ___ 

20-21 Manufacturing of food products 

22 Manufacture of beverages, tobacco and related products 

23 Manufacture of cotton textiles 

24 Manufacture of wool, silk and man-made fibre textiles 

25 Manufacture of jute and other vegetable fibre textiles (except cotton and coir) 

26 Manufacture of textile products (including wearing apparel) 

27 Manufacture of wood and wood products; furniture and fixtures 

28 Manufacture of paper and paper products and printing, publishing and allied industries 

29 Manufacture of leather and products of leather, fur and substitutes of leather 

30 Manufacture of basic chemicals and chemical products (except products of petroleum 

and coal) 

31 Manufacture of rubber, plastic, petroleum and coal products; processing of nuclear fuels 

32 Manufacture of non-metallic mineral products 

33 Basic metal and alloys industries 

34 Manufacture of metal products and parts, except machinery and equipment 

35-36 Manufacture of machinery and equipment other than transport equipment (manufacture 

of scientific equipment, photographic/cmematographic equipment and watches and 
clocks IS classified in Division 38) 

37 Manufacture of transport equipment and parts 

38 Other manufacturing industries 

39 _ Repair ot capital goods _ 

Step 1: Identification of energy intensive industries. 

Step 2. Analyze the structure of energy demand and its composition in the identified 
industries, and 

Step 3 Estimate the emissions from the industries. 

4.3.1. Identification of energy intensive industries 

Energ}’ intensity of a particular industry is termed as the ratio of the total fuel consumed 
m an industry' to the net value added by that industry. Energy intensive industries can be 
studied essentially using the variables such as fuel consumption of the individual industry', 
fuel consumption of the overall manufacturing sector, input cost of the individual industry 
and value addition by the manufacturing sector. 

The energy intensive industries are identified by a combined ranking method. 
However, for identifying energy intensive industries in manufacturing sector, it will be a 
\ery ledious exercise to use the physical data of fuel consumption. A simple and easily 
a\’ailable source of information would be fuel cost which could be used as a substitute 
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while studying the energy intensive industries. 

For use in the combine ranking method, data on the following variables - number 
of factories, depreciation, fuels consumed, net value added, total input, profits, value of 
output - was compiled at the all India level and the four states (viz., Delhi, West Bengal 
Maharashtra and Karnataka) for the manufacturing industries at two digit level as classified 
by NIC (i.c. 20 to 39) for the years 1983/84 and 1988/89 to 1992/93. 

This data was then processed for calculating the averages of the parameters 
required viz., fuel cost of each industry, total input cost of each industry, total fuel cost of 
the manufacturing sector, total value addition by the manufacturing sector. Using these 
parameters, the following three variables were then calculated for all the 2-digit level 
(manufacturing) industries in the respective states. 

Fuel cost of the particular industry 

V = 

Total input cost of that particular industry 

Fuel cost of the particular industry 

V,= - 

Total fuel cost (of all manufacturing industnes) 

Fuel cost of the particular industry 

V, = - 

Total value addition by all manufacturing industries 


For computing the combined ranking of industries (to determine the energy intensive 
industries), a nvo step method is used. In the first step ranks are assigned to each of the 
three variables as highest rank for the (a) highest value of V„ (b) highest value of V,, and 
(c) lowest \alLie ol V- In the second step, compute the combined ranks by adding the 
ranks of (a) V, and \ .. and (b) V, and V,. Finally, the highest ranks are assigned to the 
lowest value of the added rank of V, and V,, and V, and V,. 

The industries with high ranks are the energy intensive industries. Using this 
criteria, the energy intensive industries in all the four states have been identified in the 
order of hierarchy They include industries 20-21, 23, 24, 25, 28, 30, 31, 32 and 33. State- 
wise list ot energy intensive industries in the four states are summanzed in Table 4.2. 

Ha\'ing identified the energy intensive'industries, the next step is to understand the 
structure of energy demand and its composition in these industries so as to analyze the 
associated pollution problems from these industries. Analysing energy intensity trends will 
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help US in understanding the structural changes in the industry over a period of time. 
Energy intensity can also be a means of determining various measures to restructure the 
industry based on the best practices followed by other similar industries. However, since 
cit}' specific energy consumption data for the manufacturing industries is not available 
e\'en from the ASI data, and as data is available only for Delhi which is a state by itself, a 
detailed analysis of energy demand and changes in energy intensities has been carried out 
and pollution emissions from these industries were estimated for Delhi, details of which 
are presented in the following section. 

Table 4.2. Identified energy intensive manufacturing industnes in the four states 



Energy intensive industries (m the decreasing order of hierarchy) 

R,ink -> 

1 

2 

3 

4 

5 

6 

Ali India 

33 

32 

30 

23 

28 

20-21 

Delhi 

20-21 

30 

23 

33 

31 

32 

Karnataka 

(Bangalore) 

33 

32 

28 

30 

23 

20-21 

Maharashtra 

(Mumbai) 

33 

32 

23 

30 

24 

20-21 

West Bengal 
(Calcutta) 

33 

32 

20-21 

30 

25 

23 


4.3.2. Trends in energy intensifies in industries in Delhi 

The detailed ASI data for factory sector, which is published once in every five years, 
organized in the form of 10 tables for each industry, and is given state-wise, is available 
for the years 1978/79. 1983/84, 1989/90 and 1993/94. However, since the data for 1978/79 
and 1983'84 was very old, data for the years 1989/90 and 1993/94 was considered for 
analysis. 

The energy consumption data for all the identified energy intensive industries in 
Delhi \iz , industry' 20-21, 30, 23, 33, 31, 32. In addition to these si.x groups of industries, 
industries of the type 28 and 24 has also been analyzed as these two industries are 
important in other cities. Data is analyzed for 1989/90 and 1993/94 for the following 
parameters - energy use in terms of coal (tonnes), lignite (tonnes), coal gas (thousand 
cubic meters), liquified petroleum gas (tonnes), natural gas (thousand cubic meters), petrol 
(thousand litres), diesel (thousand litres), furnace oil (thousand litres), other fuel oil 
(thousand litres), lubricating oil (thousand litres) and electricity purchased (thousand 
kilowatt hours), cost data in terms of net value added, input (thousand rupees), output 
(thousand rupees), depreciation (thousand rupees) and gross value of plant and machinery' 
(thousand rupees). 

Energy intensities for all the industries have been calculated. While calculating 
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energy intensities of tlie various industries, the energy data, which is available in physical 
units of the respective fuels consumed, has been converted into common units (tonnes) i.e., 
in terms of tonnes of oil equivalent (toe). For converting the quantities of various fuels, 
standard conversion factors have been used (Table 4.3.). 

Table 4.3. Conversion factors for fuels (to oil equivalent) 


Fiu4 

Unit 

Cotwersion factor 

Coal 

tonnes 

0.49 

Lignitp 

tonnes 

0.2265 

Coal gas 

'000 cum 

0.4118 

LPG 

tonnes 

1.1414 

Natural gas 

'000 cum 

0.8569 

Pt^trol 

'000 litres 

1.0294 

Diesel 

'000 litres 

1.0098 

Furnace oil 

'000 litres 

0.9337 

Other fuel oil 

'000 litres 

0.9412 

Lubrication oil 

'000 litres 

0.8977 

Electricity 

GWh 

0 843 


Note The conversion factors tor coal, lignite and electricity have been based on the published 

information from TERI Energy Data Directory Yearbook (TEDDY), 1995/96 published by TERI, 
New Delhi, and for LPG, petrol, diesel, furnace oil, other furnace oil and lubrication oil are 
based on the information from Petroleum and Natural Gas statistics published annually by the 
Ministry or Petroleum and Natural Gas, Govt, of India. 

5ource Compiled from 

a) TERI, Tata Energy Data Director\' Year Book, 1996/97, New Delhi: Tata Energy Research 
Institute (TERI), 258 pp 

b) Govt, of India, Indian Petroleum and Natural Gas Statistics, 1993/94, New Delhi: Ministr\' 
of Petroleum, 217 pp. 

For analysing the energy consumption data, the various fuels have been grouped 
into four categories namely, coal (includes coal, lignite and coal gas), natural gas (includes 
LPG also), oil (includes petrol, diesel, furnace oil, other fuel oil and lubricating oil) and 
electricity purchased. All cost figures relating to these parameters has been brought to 
constant prices with the base year as 1981/82 using the wholesale price index for the 
respective years (Government of India, 1996/97). 

A detailed exercise has been carried out to study the changes in the energy 
intensities, and related parameters such as changes in net value added, the ratio of net 
value added to input, gross value of plant and machinery, energy mix and fuel shares to 
understand the impacts on the industry and the environment. An analysis of the changes in 
energy intensity and the possible causes has been made to draw upon conclusions 
regarding the trends in the industry. Also, the likely environmental implications has been 
studied in terms of emissions from the energy intensive industries. 
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4.3.3. Estimation of emissions from the energy intensive industries 
The emissions from energy intensive industries are due to combustion of various fuels in 
these industries. Besides use of electricity, the major fuels consumed in these industries 
include coal, natural gas, fuel oil and diesel. The major pollutants from the industries 
include TSP, SO 2 , NO^, CO and HC. Here, an attempt has been made to estimate the 
emissions from industries, essentially to see the impact of energy consumption. 
Uncontrolled emissions from industries have been estimated by multiplying emission 
factors and fuel consumption. 

The emission factors used for industrial sources, are mainly denved from the 
emission factors suggested by the World Health Organization (WHO) and United States 
Environment Protection Agency (USEPA) (AP42). Also, the URBAJR Greater Mumbai 
Report, a recent study conducted by the World Bank in India, has been consulted for the 
emission factors used in the Indian context (which also consulted the USEPA and WHO 
factors). The emission factors used are given in Table 4.4. 

The fuel consumption data for coal, natural gas and oil (including fuel oil, furnace 
oil and diesel) for all the energy intensive industries in Delhi was compiled. While 
considering the oil consumption data, since the difference in the calorific value for fuel oil 
and diesel is negligible (less than 6%), and the fuel oil is the major fuel consumed, these 
fuels have been considered together in oil equivalent value and the emission factors for 
fuel oil ha\ e been used for estimating the emissions from them. The uncontrolled total 
emissions of TSP, SO., NO^, CO and HC are estimated as no generalized information on 
controls could be used. The changes in pollution levels and the associated environmental 
implications form the industry' have been analysed and discussed in the light of the growth 
patterns and trends in energy intensities of the industries. 


Table 4.4 Emission factors 


Pollutant 

Coal 

(g/kg) 

Natural Gas 
(g/mh 

Fuel Oil 
(gfkg) 

TSP 

6.5 A 

0.048 

1.32 S + 0.4 

SO, 

19 S 

15.6 S 

20 S 

CO 

1 

0.272 

0.64 

HC 

0.5 

0.048 

0.13 

NO 

7.5 

2.24 

7 


^'o{e A IS the ash content and S is the sulphur content in the respective fuels under consideration. 
'Source Compiled from 

(ai USEPA, 1986. Taken from the URBAIR report, 1996 

(bi WHO, 1993 Assessment of sources of air, water and land pollution. Part One: Rapid 
inventory techniques in environmental pollution by Alexander P. Economopoulos, World 
Health Organization, Geneva. 
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CHAPTER 5 


Results and Analysis 


5.1. Transport sector 

5.1.1. BAU scenario 

This section deals with the BAU scenario which assumes that the present trends of growth 
in registration of vehicles in the four cities will continue, while the present fuel efficiency 
nonns, occupancy levels and vehicle utilization pattern for different modes will remain 
unchanged in the future period. 

5.1.1.1. Growth trends of motor vehicle registrations 

Among all the towns and cities (total 3609 during 1990/91) in India, Delhi has recorded 
the largest motorized vehicle population of over 2.32 million in 1994/95 even though it 
ranks third in the list of megacities of the country after Mumbai with 0.67 million vehicles 
and Calcutta 0.56 million vehicles. It is interesting to note that the vehicle population of 
Mumbai, Calcutta and Bangalore taken together accounts for 2,03 million which is even 
less than vehicle population of Delhi alone during in 1994/95. Perhaps this is due to the 
fact that Mumbai and Calcutta have suburban rail services unlike Delhi. 

Annexure 5.1 in volume II gives the growth in total registration of motorized 
vehicles and its breakup by modes in the four cities from 1984/85 to 1994/95. The same 
data IS plotted in Figure 5.1. Dunng this ten year period the average annual growth rate of 
total N'ehicles registered has gone up by 11.2% for Delhi, 7% for Calcutta, 4.5% for 
.Mumbai and 11.1% for Bangalore (Annexure 5.2). However, the corresponding annual 
growth rate m the four cities declined to 7.8%, 4.2%, 1.5°^o and 8.4% respectively betw'een 
1990 91 and 1994/95 (Annexure 5.2). Annexure 5.2 also gives the average annual growth 
rale of different modes of transport in the four cities. One noticeable feature about the 
grow th is the large number of registered two wheelers and explosion in their growth rates 
in the four cities. Two wheelers in Delhi, Calcutta, Mumbai and Bangalore have 
experienced an average annual growth rate of 10.8%, 11.1%, 7.4% and 12.1% respectively 
between 19S4''85 and 1994/95. This huge growth in scooter and motorcycle ownership has 
been due to relaxation of government industrial policies and import levies since the early 
198()'s. But m the recent past (i.e., from 1990/91 to 1994/95) these annual growth rates 
ha\e declined to 7.3%, 6.1%, 3.7%, 7.7% respectively, due to an economic downturn in 
some sectors and price increases affecting motor cycles and scooters. Rate of growth of car 
and jeep has also been high in the four cities. Between 1984/85 and 1994/95. the average 
annual growth rate of car and jeep together account for 13.8% in Delhi, 4.4® o in Calcutta, 
2.7'!;. in Mumbai, and 7.9% in Bangalore. But these rates have declined between 1990/91 
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and 1994/95. It is interesting to note that three wheeler autorickshaw is also growing very 
fast in the four cities, particularly in Calcutta, where it was introduced in early 1980s. It 
can be noticed from Annexure 5.1 that in one year period (i.e. between 1984/85 and 
19S5/S6) three wheeler registration in Calcutta has gone up 23 times, however between 
1985^86 and 1994/95 it has gone up by 6 times. 

5.1.1.2. Changes in vehicle registrations composition 
The vehicle composition are quite different in the four cities (Annexure 5.3). Among the 
personalized vehicles, there is a growing dependence on use of scooters and motorcycles 
since 1984/85 in each of the four cities. In Delhi and Bangalore, the share of two wheelers 
(i.e., scooters and motorcycles) is 67% and 75% respectively in 1994/95, but in Calcutta 
and Mumbai its share is only 44% and 42%. The share of car and jeep has declined in 
Calcutta, Mumbai and Bangalore between 1984/85 and 1994/95. The share of car and jeep 
together in Calcutta has gone down from 47% in 1984/85 to 37% in 1994/95, 42% to 35‘^b 
in .Mumbai, and 19% to 14% in Bangalore, while during the same period, Delhi has 
experienced an increasing share of car and jeep from 19% to 24%. The implications of 
rapid rise in two wheelers and car/jeep together with their large share in each of the four 
cities are grave for the spread of traffic congestion and increasing demand for their 
parking facilities. 

Among the intermediate public transport, the share of three wheeler autorickshaw 
in Delhi has declined marginally from 3.6% to 3.1% during the ten year period. In 
Calcutta, share of tliree wheelers have increased from 0.06% to 4.39%, while in Mumbai 
and Bangalore, its share has declined till early 1990’s and has again increased. The share 
of taxi as another mode of intermediate public transport, has shown a declining trend from 
1% in 1984/85 to 0.5°'b in 1994/95 in Delhi, 0.7% to 0.5% in Bangalore. While in Calcutta 
Its share has remained around 3.5% and in Mumbai around 6% during the ten year period. 

As far as the public transport bus is concerned, its share in Delhi and Bangalore 
has marginally declined from 1984/85 to 1994/95. In Delhi the share has gone down from 
1 6'% to 1.1% and in Bangalore from 2.2% to 1.3%. While in the other two cities, share of 
bus has marginally increased. Its share in Calcutta has gone up from about 2% to 2.4%, 
'vhile in Mumbai it has gone up from 1.4% to 1.8%. 

In all the four cities, the share of goods vehicles registered have declined since 
1984/85. Its share in Delhi has decreased steadily from 6% in 1984/85 to 5.1% in 1994/95. 
In Calcutta the share of goods vehicles registered has decreased from 17% in 1984/85 to 
S.3% in 1994/95, while in Mumbai the share has marginally declined from 7.7% to 6.2%, 
and in Bangalore from 5.6% to 4.8%. 
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5. (.1.3 Projection of passenger vehicles with attrition 
Annexure 5.4 gives tlic estimated regression coefficients of the time trend equation (4.1) 
for different motorized modes in three cities - Delhi, Calcutta and Bangalore. These 
equations arc used for extrapolating the future growth of different vehicles using the time 
series data on registration of motor vehicles from 1984/85 to 1994/95. However, for 
Mumbai, extrapolation of vehicles arc based on CAGR in two year period - between 
1992/93 and 1994/95. This is because, since 1992/93, the registration of vehicle office in 
Mumbai lias been split into two. One in Mumbai (i.e., Greater Mumbai) and another in the 
outer cordon of Mumbai (i.e., the Greater Mumbai limits). As a result of which some of 
the registered vehicles in Mumbai prior to 1992/93 were shifted to the outer cordon after 
1992/'93. This has resulted in a decline of total vehicles registered in Mumbai in 1992/93 
{.\nnexLirc 5.1). The estimated C.\GR for different modes of vehicles in Mumbai are given 
in Annexure 5.4. 

The estimated \’ehicles for the reference years 1995/96, 2000/01, 2005/06 and 
2010/11 are then adjusted with appropriate attrition factors. It is assumed that the attrition 
factor of a two-wheeler is 15 years, three-wheeler 20 years, car/jeep and taxi 25 years, 
while that of a bus to be 10 years. For instance, this would mean, the total number of two 
wheelers on road in 2000/01 would be equal to the difference between registered nvo- 
w heelers in 2000/01 obtained from the time trend equation (4.1) and the registration of 
two wheelers in 19S5 S6. Tlie registration of vehicles adjusted with appropnate attrition 
pro\’ide its total size m a given year. 

Figure 5.2 presents the number of registered passenger vehicles in 1990,91 and 
e.xtrapolation of vehicles for 1995/96. 2000 01. 2005/06 and 2010/11 with an appropnate 
attrition factor. The number of \’ehicles in Delhi is expected to go up by almost 40% in a 
llfteen year period from 1.9 million in 1995 96 to 2.8 million m 2010/11. Wliile the 
growth in fleet stock in Calcutta would be 19% (0.44 to 0.53 million), Mumbai 77% (0.42 
to 0 "3 million) and Bangalore 49“o (0.65 to 0.97 million) during the same period. 

In tenns of vehicular composition, in Delhi, Calcutta and Bangalore, the share of 
scooters and motorcycles would continue to dominate but is expected to decline in future 
as given i\' Table 5.1. 

For Vlumbai, it is assumed that the composition of different modes would remain 
constant between 1990/91 and 2010/11. The share of car and jeep in Delhi is likely to 
increase Irom 27°'o to 38%, while in Calcutta and Bangalore the share of car would decline 
Irom 1990/91 to 2010/11. The share of bus would increase marginally and would be little 
over l'’o in Delhi. In Calcutta, the share of bus which is currently only 0.6% is expected to 
decline turther 0.5% in 2011/12. Wliile in Bangalore with present share of bus being 0.7% 
IS expected to rise upto 0.9% by 2010/11. However in Mumbai bus share is assumed to 
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Table 5.1. Vehicular composition with attrition factor - past, present and future 


City 

Year 

Composition (%) 



Total 

Composition % Total 

2-\s'h 

3*vvh 

car+ jeep taxi 

bus 

passenger 

vehicles 

HCV 

LCV 

treight 

vehicles 

Delhi 

1990/91 

68.01 

3.61 

26.99 

0.70 

0.68 

1444765 

46.96 

53.04 

79214 


1995/96 

68.13 

3.45 

27.32 

0.43 

0.67 

1991036 

44.90 

55.10 

104684 


2000/01 

65.12 

3.65 

29.99 

0.44 

0.81 

2427011 

42.00 

58.00 

102976 


2005/06 

59 70 

3.57 

35.19 

0.51 

1.03 

2591019 

38.99 

61.01 

87711 


2010/11 

56.21 

3.46 

38.47 

0.51 

1.35 

2786016 

35.00 

65.00 

72717 

Calcutta 

1990/91 

42.25 

5.14 

47.20 

4.87 

0.54 

394731 

49.94 

50.06 

14986 


1995/96 

50.50 

6.85 

38.10 

3.95 

0.60 

444232 

56.29 

43.71 

16791 


2000/01 

47.39 

8.94 

38.60 

4.51 

0.55 

483794 

55.00 

45.00 

19589 


2005/06 

45.01 

9.13 

40.59 

4.74 

0.53 

503224 

45.00 

55.00 

20069 


2010/11 

43.25 

9.19 

42.18 

4.88 

0.51 

529594 

40.00 

60.00 

19375 

Mumbai 

1990/91 

45.26 

10.53 

36.84 

5.26 

2.11 

343946 

48.92 

51.08 

18102 


1995/96 

45.26 

10.53 

36.84 

5.26 

2.11 

415788 

41.56 

58.44 

21883 


2000/01 

45.26 

10.53 

36.84 

5.26 

2.11 

502636 

40.00 

60.00 

26455 


2005/06 

45.26 

10.53 

36.84 

5.26 

2.11 

607625 

38.00 

62.00 

31981 


2010 /n 

45.26 

10.53 

36.84 

5.26 

2.11 

734544 

36.00 

64.00 

38661 

Bangalore 

1990/91 

78.76 

2.42 

17.84 

0.51 

0.46 

474316 

49.68 

50.32 

12981 


1995/96 

79.40 

4.51 

15.02 

0.37 

0.69 

651047 

35.61 

64.39 

21446 


2000/01 

77.16 

7.42 

14.26 

0.46 

0.71 

797115 

34.00 

66.00 

10873 


2005/06 

69.70 

13.63 

15.26 

0.64 

0.77 

848604 

32.00 

68.00 

7624 


2010 /n 

62.73 

21.84 

13.80 

0.76 

0.88 

968677 

30.00 

70.00 

5000 

Attrition value (years) 15 

20 

25 

25 

10 

- 

- 

- 

- 


remain constant around 2%. The share of autonckshaw is expected to increase at an 
alarming rate from 4.5% in 1995/96 to 21.8% in 2010/11 in Bangalore and that of taxi 
share would increase marginally. In Delhi, autorickshaw and taxi share would remain 
around 3.5% and O.S°'o respectively. The share of autorickshaw in Calcutta would increase 
from in 1995/96 to S.9°'b in 2000/01 and then would increase marginally to around 
9. T o in 2010^11. Similar trend is also observed in the case of taxi in Calcutta. Its share 
uould increase from 3.9% in 1995/96 to 4.5% in 2000/01 and then to 4.9% in 2010/11. In 
Mumbai, it is assumed that the share of autonckshaw and taxi would remain at 10.5% and 
5 respectively till 2010/11. As far as goods vehicles are concerned, for which no 
aiintion factor is assumed, the share of heavy commercial vehicle (HCV) on city roads 
would decline while that of the light commercial vehicle (LCV) would increase. In Delhi, 
share of HCV which was 47% in 1990/91 is expected to decline to 35% in 2010/11. In 
Calcutta. HCV share would drop from 50% to 40%, in Mumbai from 49% to 36% and in 
Bangalore from 50% in 1990/91 to 30% in 2010/11. 
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5.1.1.4. Ownership of private vehicles 

Number of private vehicles (adjusted with attrition factor) per thousand people in Delhi 
would increase from 146 in 1990/91 to 191 in 2000/01 and then would decline to 183 in 
the next census decade (Table 5.2). Similar trend is observed in Bangalore also - from 112 
to 12S in this decade and then to 97 at the end of the next decade. 


Table 5.2. Number of vehicles (with attrition) per thousand persons 


Cit\’ 

Modes 

1990/91 

1995/96 

2000/01 

2005/06 

2010/11 

Delhi 

Scooter/Motor bike 

104 

127 

131 

117 

109 


Car/Jeep 

41 

51 

60 

69 

74 


Total private 

146 

178 

191 

186 

183 


Autorickshaw 

6 

6 

7 

7 

7 


Taxi 

1 

1 

1 

1 

1 


Total IPT 

7 

7 

8 

8 

8 

Calcutta 

Scooter/Motor bike 

14 

17 

16 

15 

14 


Car/Jeep 

16 

13 

13 

14 

14 


Total private 

30 

31 

30 

29 

28 


Autorickshaw 

2 

2 

3 

3 

3 


Taxi 

2 

1 

2 

2 

2 


Total IPT 

3 

4 

5 

5 

5 

Mumbai 

Scooter/Motor bike 

16 

17 

19 

21 

24 


Car/Jeep 

13 

14 

16 

17 

19 


Total private 

28 

31 

35 

39 

43 


Autorickshaw 

4 

4 

4 

5 

6 


Taxi 

2 

2 

2 

2 

3 


Total IPT 

5 

6 

7 

7 

8 

Bangalore 

Scooter/Motor bike 

91 

107 

108 

89 

79 


Car/Jeep 

21 

20 

20 

20 

17 


Total private 

112 

127 

128 

109 

97 


Autorickshaw 

3 

6 

10 

17 

28 


Taxi 

1 

0 

1 

1 

1 


Total IPT 

3 

7 

11 

18 

29 


In Calcutta, ownership of private vehicles would remain around 30 in this decade 
but would decline marginally to 28 in the next decade. While in Mumbai, though 
ow'nership of private vehicles are relatively lower than the other cities but would go up 
steadily by over 1.5 times - from 28 vehicles per thousand people in 1991 to 43 in 2011. 
Table 5.2 also gives the degree of dependence on autorickshaws and taxis as intermediate 
public transport (IPT). Dependence on IPT maximum in Bangalore and would grow very 
fast. In the other cities role of IPTs would marginally increase and would be in the range 
of 5-8 vehicles per thousand people in 2011. 
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5.1.1.5. Travel demand and modal split 

The passenger and freight travel demand is estimated using Eq.(4.2) in the four cities for 
the period 1990/91 to 2010/11 in five yearly interval. Secondary data on average 
occupancy of passenger vehicles, average load carried by goods vehicles and utilization of 
different vehicles, given in Table 5.3, are used in Eq.('4.2) for estimating the travel 
demand. 

Table 5.3. Average seating capacity, load carried and daily utilization of vehicles 


Cl tv 

Aveiage occupancy (persons/vehicle) 


Average load 
carried 

(tonne/vehicle) 


S( ooter/M-cvcIe 

Auto 

Car/jeep 

Taxi 

Bus 

LCV 

HCV 

Delhi 

1.5 

1.76 

2.68 

1.57 

37.28 

0.7 

5.28 


(1J 5)' 

(120) 

(27) 

(85) 

(186) 

i25) 

(25) 

Calcutta 

1.5 

1.76 

2.59 

1.57 

33.76 

0.7 

5.28 


(13.5) 

(100) 

(27) 

(85) 

(126) 

(16) 

(16) 

Mumbai 

1.5 

1.76 

1.57 

1.57 

38 62 

0.7 

5.28 


(13.5) 

(100) 

(27) 

(85) 

(245) 

(20) 

(20) 

Bangalore 

1.5 

1.76 

2.67 

1.57 

39.46 

0.7 

5.28 


(13.5) 

(1001 

(27) 

(85) 

(262) 

(16) 

(16) 


Fii’Lire in parentheses are averat^e dailv vehicle utilization expressed in km/I. 

Souice For bus - Covernmenf or India, 1993 & 1996. tor all other modes - Engineering Consultants 
Private Ltd., 1987 


Distribution of passenger travel demand by modes are further broken down into 
different technologies. This is done by analyzing the composition of annual sales data of 
different types*of technologies for a given mode in the respective states of the four cities 
during the fourteen year period from 1981 to 1994 (Annexure 5 5), Such detailed 
disaggregation of passenger tra\el demand by technologies during 1990/91 to 2010 11 
capuirc the iienetration ol ditferent technologies in meeting the growing personal mobility 
111 ihc tour cities For instance, it can be noticed from Annexure 5.5 that since earlv 1990s 
the share ol two stroke technologies are gradually declining and replaced with four stroke 
lechnologics in the case of motor bikes in each of the four respective states. Similarly, 
among the car jeep sold in the four states, the share of Maruti car, post 1984 model 
technology, has increased substantially, while that of Ambassador and Premier Padmini car 
which are pic 1984 technology have declined. The Catalytic Convertor based unleaded 
gasoline cars have been introduced since 1st April 1995 in Delhi, Calcutta and Mumbai to 
check lead omissions from gasoline. The share of diesel based cars/'taxis sold in the four 
states have also been estimated. 

Table 5.4. gives the estimated travel demand in the four cities both for personal 


rtKI RCPORt NO. 94/EM/53 11997) 





Bose, Srmivas, Mathgr, Dass 86 


and goods mobility. The same table also gives the distribution of passenger and freight 
travel demand by various modes, which is termed as modal split. 

Passenger travel demand. 

Volume of total passenger travel demand in Delhi is expected to grow over 3 times from 
47 billion passenger kilometre (bpkm) in 1990/91 to 143 bpkm in 2010/11 (Figure 5.3). 
The corresponding jump in the other three cities are - Calcutta 1.3 times (from 12 to 16 
bpkm), Mumbai 2.1 times (from 31 to 67 bpkm) and Bangalore 3.9 times (from 14 to 54 
bpkm) respectively. Wliile on a per capita basis, over a 20 year period (i.e., from 1990/91 
to 2010/11), average annual growth rate in travel demand daily would be around 3.5°'o in 
Delhi (from 13.7 to 27.2 km/day), 2.1°/o in Mumbai (from 8.7 km to 13.2 km/day) and 
3.6% in Bangalore (from 9.5 km to 19.3 km/day). However in Calcutta, per capita travel 
demand would remain around 2.8 km/day behveen 1990/91 and 2010/11. 

In spite of a ver\' large fleet size of private vehicles (i.e., scooters, motor cycles, 
cars and jeeps) in each city, currently bus caters to a very high volume of travel demand. 
As given in Table 5.8, buses in Delhi currently meet about 53% of the total passenger 
travel demand and would increase steadily to 66% by 2010/11. While in Calcutta and 
Bangalore, the travel demand catered by bus is expected to decline between 1995/96 and 
2010/1 1. In Calcutta the decline would be from 32% in 1995/96 to 26% in 2010/11. In 
Bangalore from 67% to 59% during the same period. In Mumbai bus share in meeting the 
travel demand would remain around 80% in the coming years. 

Travel demand share to be catered by the personalized or private vehicles are 
expected to decline marginally between 1995/96 and 2010/11 in Delhi, Calcutta and 
Bangalore, while in Mumbai it would remain at the same level (Table 5.4). However, 
dependence on cleaner technologies like, four stroke engines and cars with catalytic 
coiwertors would increase. Shift from gasoline engine to diesel engine cars, jeeps and taxis 
is expected in the near future due to the double price differential benveen retail price of 
gasoline (about Rs 23 per litre) and diesel (about Rs 10 per litre). 

.Among the IPT modes, the role of three wheeler autorickshaw in meeting 
passenger travel demand in Bangalore would increase by about 3.5 times in 2010/11 from 
Its current share of 7% and in Calcutta its rise would be about 1.3 times from its present 
share of 15%. However, in Delhi share of autorickshaw' would decline from 8% in 
1995 % to 5% in 2010/11. In Mumbai autorickshaws would meet a little over 7% of the 
total tra\‘el demand in the next decade. Ta.xis are expected to meet between 1 and 7% of 
the ira\‘el demand in the four cities in near future. 
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Freight travel dcnuiud. 

Freight travel demand within the city limits arc also given in Table 5.4. In Mumbai, 
freight travel demand would increase steadily from 0.39 to 0.66 btkm between 1990/91 to 
2010/11. While in Calcutta till 2000/01 freight travel demand would increase and then 
decline from 0.37 btkm in 2000/01 to 0.29 btkm in 2010/11. In Delhi and Bangalore, 
freight movement demand would decline consistently from its current level of 2.63 btkm 
and 0.29 btkm in 1995,90 to 1.53 btkm and 0.06 btkm in 2010/11 respectively. Currently, 
between SO aiul 90"o of the freight traffic in the four cities arc catered by the LCVs but bv 
2010/11 their share would drop and would remain between 76-83°'!). 

5.1.1.6. Energy demand 

Energy demand module in the LEAP according to Eq. (4.3) is used to estimate annual 
energy consumed in the fomi of gasoline and diesel for passenger and freight 
transportation in the four cities are estimated for 1990/91 and 1995/96, and extrapolated 
for 2()00/()l. 2005/06 and 2010/11 respectively. Table 5.5 gives the average fuel efficiency 


norms for different modes of technologies used in Eq.(4.3}. 

Table 5.5 Average fuel efficiency (km/l) 

Fuel 

Technoios'' 

Scooter/M-cvcie 

Auto 

Car/leep/Ta.xi Bus LCV HCV 

Gciboline 

2-stroke 

44 44 

20.41 



4-stroke 

65 




Pre-1984 



9.43 


Post-1984 



14.18 

Unleaded 

Catalytic 



14.8 

gasoline 

convertor 




Diesel 




8.86 3 3 5.55 10 

Source IIP 

1994 





•Annexure 5.6 gi\es the details of LEAP results for the BAU scenario. Estimates of 
aggregate as well as disaggregate energy demand either by fuel type or bv different modes 
ot tiansport turther broken down into technologies are presented for the five reference 
years considered in this study. 

Figure 5.4 summarizes the aggregate energy demand for passenger and freight 
transportation in the four cities. Energy required for passenger movement is substantially 
higher (over 95°o) than freight movement in each of the four cities. Nearly 2.5 times 
increase in transport energy demand is expected in the city of Delhi between 1990/91 and 
2010/11 (Irom 0.69 million tonnes of oil equivalent (mtoe) to 1.69 mtoe). In other three 
cities total energy required during the same 20 year period would be around that of Delhi 
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alone. In Calcutta, the increase would be from 0.27 mtoe in 1990/91 to 0.36 mtoe in 
2010/11, in Mumbai from 0.35 to 0.74 mtoe and in Bangalore from 0.18 to 0.67 mtoe. 

Personal mobility. 

Current annual gasoline consumption in Delhi, Calcutta, Mumbai and Bangalore are 
estimated to be 0.52, 0.15, 0.13 and 0.13 mtoe respectively. While the quantum of 
gasoline sales in these four cities are 0.48, 0.15, 0.23 and 0.12 mtoe respectively. Such 
deviations in estimated and actual gasoline consumption could be due to the use of 
nomiative values of fuel efficiency, occupancy and vehicle utilization levels, each of which 
would vary under different urban driving conditions. The other possible reason could be 
the vehicles going outside Delhi in most of the cases are expected to meet their fuel 
requirement from the neighbouring regions. Over the next 15 year period (from 1995/96 to 
2010/11), annual gasoline demand is estimated to grow at 2.1% per annum (from 0.52 to 
0.72 mtoe) in Delhi, 0.7% (from 0.15 to 0.17 mtoe) in Calcutta, 2.5% (from 0.13 to 0.19 
mtoe) in Mumbai and 7.4% (from 0.13 to 0.38 mtoe) in Bangalore respectively. 

Similarly, estimated current diesel consumption annually in the four cities are 0.28, 
0.11. 0.27 and 0.14 mtoe in Delhi, Calcutta, Mumbai and Bangalore respectively. These 
figures corresponds to 77%, 58%, 108% and 88% respectively of the total diesel sold in 
the four cities during 1995/96. Except in Bangalore, annual rate of growth of diesel 
demand m the next 15 years (from 1995/96 to 2010/11) would be higher than the gasoline 
for personal mobility in the other three cities. During this period, diesel demand in Delhi 
would grow at 8.01% per annum (from 0.28 to 0.89 mtoe), in Calcutta 2.94% (from 0.11 
to 0.17 mtoe), in Mumbai 4.21% (from 0.27 to 0.52 mtoe) and in Bangalore 4.73% (from 
0 14 to 0.28 mtoe) respectively. 

Table 5.6 gives annual per capita gasoline and diesel demand for personal mobility 
in the four cities between 1990/91 and 2010/11. Annual per capita total energy demand for 
personal transportation is highest in Delhi followed by Bangalore then in Mumbai and 
least being in Calcutta. Such a trend in transportation energy demand is expected due to 
non a\aiiability of rail based transportation system in Delhi and Bangalore unlike the 
MRTS in Calcutta and suburban rail system in Mumbai. Also, in coming future 
dependence on gasoline in each of the four cities would decline while that of diesel would 
increase as price of diesel is less than half than that of gasoline in the country. 

Annua] per capita total energy demand in Delhi is expected to grow from 75 kgoe 
in 1995/96 to 112 kgoe in 2010/11. In Mumbai the corresponding growth would be from 
j 7 to 51 kgoe while in Bangalore from 63 to 86 kgoe respectively. In Calcutta, however, 
annual per capita energy demand would remain around 21 kgoe in the next fifteen year 
period. 
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Table 5.6, Annual per capita Fuel requirement in passenger vehicles (kgoe/person) 


Fuel 

City 

1990/91 

.1995/96 2000/01 2005/06 2010/11 

Gasoline 

Delhi 3‘7' 

1 42.39 

^49.18^2.152.12^751 50.83 7?;50.05 


Calcutta 

13.47 

15 :^ 1.97 /.j? 12.02 /.f.; 11.15 ho 10.64 


Mumbai ) 3 

13.09 

12.29 *s j 12.75 PC 13.20 13.93 


Bangalore 

22.63 

26.22 31.18 : ;r38.47 .33349.93 

Diesel 

Delhi 2 

’3 21.57 

22 2 26.27 37.29 • 49.27/ 2:61.97 


Calcutta 

' 7.96 

.'•V. 8.23 9.73 Po 10.47 '?Jl0.84 


Mumbai 

. 20.32 

: ’ ■' 24.73 :.:S'28.18 32.66 ' 37.18 


Bangalore 

' 18.52 lll'i 29.56 >3 ; 32.03 2 33.13 2 ^ Tje 49 

Total 

Delhi 

63.96 

75.45 89.41 100.10 112.03 


Calcutta 

21.43 

20.20 21.75 21.62 21.48 


Mumbai 

33.41 

37.02 40.93 45.86 51.11 


Bangalore 

41.15 

63.24 72.11 84.33 86.42 


While analyzing the mix of energy demand by various modes over the next 15 
years have revealed that in each of the four cities there will be a gradual phasing out of 
two stroke engines used in scooters and motorcycles and would be replaced by four stroke 
teclinology, more and more catalytic convertor cars which run on unleaded gasoline will 
be introduced' and penetration level of diesel cars and taxis would increase (Annexure 
5.6) In 1995/96, cars and jeeps together accounted for over 41% (5% diesel, 35% gasoline 
and <1% unleaded gasoline) of the total energy demand in Delhi, buses 28%, scooters and 
motorcycles together 14%, auto rickshaws 14% and the balance 3% by taxis (Annexure 
5 6). However in 2010''11, energy required by buses would go over 39% of the total 
energy demand, and that of scooters/'motorcycles, autorickshaws and taxis would decline, 
while that of cars and jeeps would remain at the same current level but with higher 
dependence on unleaded gasoline and diesel. In Calcutta, cars and jeeps together accounted 
for nearly 47° o (16% diesel and 31% gasoline) of the total energy demand in 1995/96. The 
share of energy demand by other modes being taxis 19%, autonckshaws 16%, buses 11%, 
and scooters and motor cycles 7% in the same period. However, in 2010/11, the share of 
energy demand would continue to be the maximum in cars and jeeps at 44%, 23% taxis, 
19^, autonckshaws. 8% buses and 6% in scooters and motorcycles. In Mumbai, nearly 
half of energy is consumed by buses during 1995/96, 16% in cars and jeeps (5% diesel, 

10% gasoline and <1% unleaded gasoline), 16% taxis, 15% in autonckshaws and 3% in 
scooters and motorcycles. Same trend in mix of energy demand in various modes is 
obsen-ed in 2010'! 1. In Bangalore, o\er 42% of the total energy is consumed by buses, 

25"o cars'jeeps (9% diesel and 16% gasoline), 16% scooters and motorcycles. 15% 


c.Ncepi in Banyalore. where it is asbumed that no catalytic convenor cars would exist tn the coming future. 


TfRi REPORT NO. 94/EM/53 (19971 




93 Eiivironmcntiil aspects of energy use in urban areas 


autorickshaws, 2% taxis during 1995/96. In 2010/11, share of energy demand by buses 
would go down to 32%, in cars and jeeps to 14% and in scooters and motorcycles to 7%. 
While energy demand share in autorickshaws would increase to 44% and that of taxis to 
3% respectively. 

Goods mohiliry. 

Ill 1995/%, annual diesel demand for freight movement within city limits is estimated to 
be 0.11 mloe in Delhi which would decline to 0.07 mtoe in 2010/11. Similarly in 
Bangalore diesel demand would go down from 0.01 to 0.003 mtoe in the same period. 
While m Calcutta, diesel demand is expected to increase marginally from 0.012 mtoe in 
1995/96 to 0.013 mtoe in 2010/11 and in Mumbai from 0.02 mtoe to 0.03 mtoe 
respectively. 

In all the four cities share of energs’ demand by the LCVs would increase in the 
coming years. CuiTent share in energy demand by HCVs is more than that of LCVs. 
However, in 2010/11, energy demand share of LCVs in Delhi and Bangalore would be 
higher than that of LCVs (Annexure 5.6). 

5.1.1.7. Emissions 

Using Eq.(4.41 m the LEAP framework under environmental database module and then 
linking It up with the energy demand module, annual emissions from different modes and 
technologies are estimated for each pollutant. Table 5.7 gives the emission factor of the 
tl\e criteria pollutants \iz., CO. HC, NO,^, TSP, SO 2 and Pb with respect to the different 
range of technologies which are either m use on road or are likely to be introduced in near 
future. These include, n) tw'o wdieelers (scooters/motorcycles) - two stroke and four stroke; 
(II) three wheeler (autorickshaws) - two stroke engine either on gasoline or propane; 
carS/jeeps - pre 19S4 model (like. Ambassador, Fiat, etc.), post 1984 model (iMaruti- 
Siizuki), cars fitted with catalytic convenors (post 1994 model), either on gasoline, diesel 
and CNG. taxi - gasoline, diesel and CNG . bus - diesel and CNG; and goods - LCV and 
HCV based on diesel. All new range of vehicles, are assumed to have tliree way catalytic 
convertors to check emission of CO, HC and NO^. 

Emission factors in Table 5.7 are used m Eq.(4.4). LEAP detailed output under 
BAU scenario is presented in .Annexure 5.7 which gives estimated annual emissions of 
these pollutants in the four cities for 1990/91, 1995/96, 2000/01, 2005/06 and 2010/11. 

The contribution of emission loadings by different modes and technologies are also given 
in .Annexure 5.7. 
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Carbon monoxide. 

Figure 5.5 gives the annual emissions trend of CO in the four cities. The contribution of 
emission loadings from goods vehicles in cities are marginal compared to that of passenger 
vehicles. Annual emission loading of CO happen to be the highest in Delhi relative to the 
other three cities. 

Gasoline drn en \ ehicles contributes majority of CO emissions. In 1995/96, annual 
CO emissions in Delhi is estimated to be 177740 tonnes (t), which is 2S% higher than 
1990/91 level and is expected to increase by 16% over the next 15 years. In Calcutta, CO 
annual emission is 52550 t in 1995/96 which is 5% lower than the 1990/91 level and is 
expected to decline steadily by 6% over the next 15 years. In Mumbai, it is 56280 t during 
1995/96 which is higher than the 1990/91 level and is expected to increase by 44% 
over the next 15 years. In Bangalore, annual CO emission in 1995/96 is 52380 t which is 
41% higher than the emission level in 1990/91 and is expected to increase by 171% over 
the next 15 years. 

Scooters/motorcycles and autorickshaws which are mostly 2-stroke technologies 
currently contribute nearly 55% of the total CO emission in Delhi (Table 5.8). The 
corresponding figures for Calcutta, Mumbai and Bangalore are 44%, 50% and 67% 
respectively. In 2010/11, it is estimated that CO emission contribution from two and three 
wheelers would further go up to 58% in Delhi, 64% in Calcutta, 62%o in Mumbai and 85% 
in Bangalore, if the present trend of vehicular growth and composition continues. With 
introduction of catalyiic convertor cars from April 1, 1995, in only big metros which 
include Delhi. Calcutta and Mumbai, contnbution of CO emission would decline in future 
with respect to the current level. Currently, in Calcutta over half CO loading is from 
passenger cars/jeeps and taxis taken together. This is because average mass emission factor 
for a tx’pical car fitted with cataKmc convertor is 2.6 gm/lcm which is considerably less 
than 28 9 gm/km for old (pre-1984) model cars and 9.5 gmyTcm for post-1984 model cars 
without catalytic con\ertors (Table 5.7) While in Bangalore the emission share of CO 
from cars would increase as cars fitted with catalytic convertors are not introduced in 
Bangalore city. Buses would contribute increasing share of CO emission in Delhi, Calcutta 
and .Mumbai in the coming years, but would decline in Bangalore. 
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Tnblo 5.8. Changes in contribution of CO emission by modes (%) 


Cit\ 

Y(Mr 

Scooter/M-rvek* 

Auto-rickshavv 

Cir/Jcep/T axi 

Bus 

Di'lhi 

11195/96 

33.1 

21.8 

38.70 

6.4 


2010/n 

32.25 

25.25 

27.33 

15.17 

Cilcult.i 

1995/96 

17.9 

26.39 

53.14 

2.57 


2010/11 

19.46 

44.92 

32.88 

2.74 

Muinlwi 

1995/96 

14.14 

35.75 

32.45 

17.66 


2010/11 

17.45 

44.15 

16.59 

21.81 


1995/96 

41 55 

25 67 

22 14 

10 64 


2010/11 

17 65 

66 94 

8,15 

7 26 


H\drocarhons. 

Figure 5.6 gi\'es the annual emissions trend of HC in the four cities. HC emission rates are 
higher in gasoline than diesel vehicles due to lower combustion efficiency in gasoline 
engines. Among the gasoline driven two and three-wheelers, two-stroke engines are highly 
inefficient as compared to the ones with four-stroke engines. Annual HC loading in 
19^)5'% is 71450 t in Delhi, which is 30“o higher than the 1990/91 level, and is expected 
to increase by about in the next 15 year period. In 1995/96, HC emission in Calcutta 
IS 19S30 t, which is 1 l'\i higher as compared to 1990/91 level and is expected to increase 
by 13"u over the next 15 }’ears. In .Mumbai current emission loading of HC is 21970 t 
which IS about 10% higher with respect to the 1990/91 level and is expected to go up by 
57",) by 2010/1 1 . Maximum increase in HC emission is expected in Bangalore o^•er the 
next 15 years. Current emission level is 22960 t which is 48% higher as compared to 
1990 91 level, but beween 1995,96 and 2010/11, HC emission is expected to increase 
dramatically by nearly 221 "I). 

.About 25 to 40". of the fuel supplied to small 2-stroke gasoline engines in 
scooters/motor cycles ana autorickshaws is exhausted without being burned due to "short 
circuiting" of fresh fue;*air mixture to the engine exhaust port during the scavenging 
process. Tins is inherer.: weakness of the existing design of 2-stroke engines. Thus. 2- 
strokc engine powered eludes are large contributors of unbumed HC. 

In 1995/96 over S0% HC emission is contributed by scooters/motorcycles (2- 
wheelers) and autoncksnaws (3-wheelers) in Delhi (Table 5.9). The corresponding figures 
m Calcutta, Mumbai and Bangalore are 71%, 76% and 86%o respectively. Very little efforts 
have been made in the past for introducing 4-stroke engines in cities. As a result if 2 and 
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3-wheelers with mainly 2-stroke technology continue to grow at the present pace, it is 
estimated that by 2010/11, HC emission contribution from 2 and 3-wheelers will increase 
dramatically to 84']^o in Delhi, 85% in Calcutta, 84% in Mumbai and 95% in Bangalore 
respectively. The contribution share of HC emission by other vehicles, is also given in 
Table 5.9. 


Table 5.9 Changes in contribution of HC emission by modes (%) 


City 

Year 

Scooter/M-cycle 

Auto-rickshaw 

Car/Jeep/Taxi 

Bus 

Delhi 

1995/96 

47.68 

32.87 

16.90 

2.55 


2010/11 

44.31 

39 33 

10.26 

6.10 

Calcutta 

1995/96 

27.35 

43.25 

28.28 

1.12 


2010/11 

23.81 

61.28 

13.92 

0.99 

Mumbai 

1995/96 

19.58 

56 27 

16.78 

7.37 


2010/n 

20.76 

63.38 

7.56 

8.30 

Bangalore 

1995/96 

50.38 

36.09 

9.56 

3.97 


2010/11 

14.31 

80.45 

3.11 

2.13 


Nitrogen oxides. 

Figure 5.7 gives the annual emissions trend of NO, in the four cities. The emission rate of 
NO, IS higher in diesel dn\'en heavy duty vehicles (like, buses and commercial goods 
vehicles) because of lower combustion temperatures as compared to gasoline vehicles. In 
] 995 96. annual NO, emission is 43930 t in Delhi, which is 32% higher as compared to 
the 1990/91 level and would increase by 70% over the next 15 years. The emission 
loading of NO, would remain fairly stable in Calcutta around 83000 t between 1990/91 
and 2010.11. In .Mumbai, current loading of NO, emission is 21550 t which is 18% more 
compared to 1990/91 level and would go up by 69% by 2010/11. Current loading in 
Bangalore is 13160 t which is 72% higher compared to 1990/91 level and would go up by 
over ihe next 15 years. 

Buses contribute nearly 65% of the total NO, emission in Delhi, 33% in Calcutta. 
S3".i in .Mumbai and "9% m Bangalore during 1995/96 (Table 5.10). These shares would 
further increase in each city by 2010/11. Cars/jeeps and taxis which are mainly diesel 
dn\en also contribute significant NO, emission. In Calcutta, their share of emission is 63% 
in 1995 96, while the corresponding figures in Delhi, Mumbai and Bangalore are 37%, 

15‘’o and 17% respectively. Contribution ot NO, emission from car/jeep and taxis however 
would decline by 2010/11. Table 5.10 also gives the change in NO, contribution share in 
2010 11 in the four cities. NO, emission share in the four cities would remain below 4% 
o\er (he next 15 years. 
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Table 5.10. Changes in contribution of NO^ emission by modes (%) 


Cl tv 

Year 

Scooter/M-cycle 

Auto-rickshaw 

Car/jeep/Taxi 

Bus 

Delhi 

1995/96 

2.58 

1.01 

36.66 

59.75 


2010/11 

1.57 

0.65 

21.02 

76.76 

Calcutta 

1995/96 

2.04 

1.66 

63.47 

32.83 


2010/11 

2.32 

2.70 

61.57 

33.41 

Mumbai 

1995/96 

0.68 

0.83 

15.21 

83.28 


2010/11 

0.79 

0.87 

11.73 

86.61 

Bangalore 

1995/96 

3.27 

0.94 

1702 

78.77 


2010/11 

3.00 

3.68 

12.49 

80.83 


Sulphur dioxide. 

Figure 5.8 gives the annual emissions trend of SO, in the four cities. Emission rate of SO, 
is higher in diesel than in gasoline vehicles. The concentration of sulphur in gasoline 
generally lies in the range of 0.05 to 0.25% w/w. For calculation of SO, emissions from 
gasoline vehicles, an average sulphur concentration in gasoline of 0.15°/o has been taken in 
1995/96 and 0.05% in 2010/11. Similarly for diesel, average concentration of sulphur 
generally lies in the range of 0.5% to 1%. For calculation of SO, emissions from diesel 
\ eludes, an average sulphur concentration of 0.5% has been taken in 1995/96 and 0.25% 
in 2010/11. Further it is assumed that all the sulphur gets converted to SO, and is 
exhausted through the tail pipe. 

During 1995/96. total annual emissions of SO, is 5180 t in Delhi, which is 35% 
higher than 1990/91 le\-el and would go over to 116% by 2010/11 (Figure 5.8). In 
Calcutta the current loading is 1550 t - nearly 8% more than 1990/91 level and would 
increase to 45°!) over the next 15 years. Current loading in Mumbai is 3100 t which is 
28% more than 1990/91 level, and is estimated to increase by 86% by 2010/11. While in 
Bangalore. SO, emission is 1840 t in 1995/96, which is 72% more compare to 1990/91 
le\el and would increase by nearly 114% in 2010/11. 

Table o.l 1 gives the changes in vehicular contribution of SO, emission. Between 
50-O5"o of the total SO, emission is contnbuted by buses Delhi, Mumbai and Bangalore, 
while in Calcutta, car/jeep and taxi together contribute nearly 70% emission in 1995/96 
and would increase to 16°a in 2010/11, Two and three wheelers contribute relatively less 
SO, emission. 
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Table 5.11. Clianges in contribution of SO 2 emission by modes (%) 


Cl tv 

Year 

Scooter/M-cycle 

Auto-rickshaw 

Car/jeep/Taxi 

Bus 

Delhi 

1995/96 

7.65 

7.56 

32.78 

52.01 


2010/11 

3.39 

4.16 

35.26 

57.19 

Calcutta 

1995/96 

3.60 

8.03 

69.99 

18.38 


2010 /n 

2.45 

8.67 

76.47 

12.41 

Mumbai 

1995/96 

1.44 

5.64 

27.55 

65.37 


2010/11 

1.34 

5.34 

31.45 

61.87 

Bangalore 

1995/96 

6.76 

6.49 

23.62 

63.13 


2010/11 

3.38 

21.42 

20.72 

54.48 


Tofci/ Siispemkd Particulate. 

Figure 5.9 gives the annual emissions trend of CO, HC, NO^, SO^, TSP and Pb 
respectively in the four cities.Diese! vehicles emit significant TSP as compared to the 
gasoline vehicles. In 1995/96, annual emission of TSP was 9440 t in Delhi, which is about 
34 °0 higher compared to the 1990/91 level and would increase by 51% over the next 15 
years (Figure 5.9). In Calcutta, current TSP emission is 2310 t, which is 15% higher than 
1990/91 level and would increase by 26% in 2010/11. In Mumbai, TSP emission currently 
is around 3050 t which is 57% higher compared to the 1990/91 level and would increase 
by 15\ over the next 15 years. In Bangalore, nearly 3050 t of TSP is emitted annually 
during 1995/96 which is 57% higher compared to the 1990/91 level and will increase to 
135% by 2010. 

Table 5.12 gives contnbution of TSP emission by different modes of passenger 
vehicles. In Delhi, during 1995/96, about 40% of the total emission is from scooters and 
motor cycles which would decline to 26% in 2010/11. During the same period, the 
corresponding figures for scooters and motorcycles are from 24% to 19% in Calcutta, 12% 
to 1 l°'o m .Mumbai and from 38% to 14% in Bangalore respectively (Table 5.12). ’ 
Emission share from three wheelers would increase in Calcutta, Mumbai and Bangalore 
from 1995 96 to 201 Oi 1. e.xcept in Delhi. In the case of cars/jeeps and taxis, emission of 
TSP uould increase in Delhi. Calcutta and Mumbai, however in Bangalore its share would 
decrease TSP emission contribution from buses m Delhi would increase from 21% in 
1995 96 to 36% in 2010 11 While in Calcutta and Bangalore it would decrease. In 
.Mumbai, buses currently contribute around 45% of the total TSP emission and would 
remain around the same le\el till 2010/11. 
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Table 5.12. Changes in contribution of TSP emission by modes (%) 


Citv 

Year 

Scooter/M-cycle 

Auto-rickshaw 

Car/jeep/Taxi 

Bus 

Delhi 

1995/96 

39.86 

18.59 

20.51 

21.04 


2010/11 

26.42 

15.84 

21.94 

35.80 

Calcutta 

1995/96 

24.09 

25.76 

40.45 

9.70 


2010/11 

18.57 

32.30 

41.53 

7.60 

Mumbai 

1995/96 

12.13 

23.54 

19.44 

44.89 


2010/11 

11.48 

23.62 

19.86 

45.04 

Bangalore 

1995/96 

38.52 

18.62 

13.06 

29.80 


2010/11 

14.39 

54.17 

8.77 

22.67 


Lead. 

Figure 5.10 gives the annual emissions trend of CO, HC, NO,, SO^, TSP and Pb 
respectively in the four cities.Pb is only emitted from gasoline vehicles. In 1995/96, annual 
Pb emission in Delhi is 102 t which is 30% higher compared to the 1990/91 level and is 
e.xpected to increase till 2000/01 (111 t) and then decline steadily to 98 t in 2010/11. 
Currently in Mumbai about 26 t of Pb is emitted which is nearly 1% higher than 1990/91 
and would steadily increase by 27% over the next 15 year period. In Bangalore, Pb 
emission w'hich is currently about 25 t would increase by 203% between 1995/96 and 
2010 11. While in Calcutta, Pb emission shows a steady decline from 31 t in 1990/91 to 
25 t in 2010/11 indicating a 19% drop. 

Table 5.13 gives contribution of Pb emission by different modes of vehicles. At 
present, majority of Pb emission m Delhi and Calcutta are contributed by cars/jeeps and 
taxis taken together. But its share would decline in 2010/11. With present trend in growth 
and composition of autonckshaws in Calcutta, Mumbai and Bangalore, Pb emission share 
would increase considerably to 51%o, 63% and 76% respectively by 2010/1 1. 
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Table 5.13. Changes in contribution of Pb emission by modes (%) 


City 

Year 

Scooter/M-cycle 

Auto-rickshaw 

Car/jeep/Taxi 

Bus 

Delhi 

1995/96 

22.02 

21.77 

56.21 

0 


2010/11 

25.84 

31.75 

42.41 

0 

Calcutta 

1995/96 

12.3 

27.43 

60.27 

0 


2010/11 

14.43 

51.44 

34.13 

0 

Mumbai 

1995/96 

11.59 

45.22 

43.19 

0 


2010/11 

15.84 

63.10 

21.06 

0 

Bangalore 

1995/96 

33.13 

31.80 

35.07 

0 


2010/11 

11.89 

75.59 

12.52 

0 


5. 1.2. Alternative scenarios 

Following scenarios are analyzed to study the impact of different urban transport policy 
initiatives on energy requirement and emissions due to passenger transportation in the four 
cities. 

5.1.2.1. Scenario 1: Strengthening of public buses 

This scenario examines the impact of strengthening of public buses on energy demand and 
emissions. 

In the BAU scenario, the total travel demand in 2010/11 to be catered by bus 
would be 66% in Delhi. 26% in Calcutta, and 59% in Bangalore (Table 5.4). To 
strengthen the share of buses in these cities, as compared to the BAU scenario, scenario 1 
assumes that by the year 2010''! 1, with proper policy interventions, the 
• share of total tra\ el demand to be catered by bus would increase to 80% in Delhi, 
Calcutta and Bangalore. While in Mumbai, 80% of the total travel demand would 
be met by buses alone as per the BAU scenario, so no further changes are assumed 
in Mumbai. 

share of total tra\'el demand to be catered by cars and jeeps together will reduce by 
half in Delhi. Mumbai and Bangalore and by one-quarter in Calcutta, 
balance rra\el demand is split in the ratio 2.1 between two wheelers and 
intemiediaie public transport modes (i.e, autos and taxis together). 

Table 5.14 gixes the change in travel demand share by different modes in the four 
cities in scenario 1 as compared to the BAU case. 
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Table 5.14. Changes in travel demand share by different modes in 2010/11 (%) 

BAU scenario _ Scenario 1 _ 

__ 2-wh 3-wh Gif&ieep Taxi Bus 2-wh J-wh Car & jeep Taxi Bus 

Delhi 8 5 20 1 

Ciiaitt.i 10 19 37 8 

Mumt!.ii 3 7 6 *4 

B.inc.iinre 8 25 7 1 


5.1.2.2. Scenario 2: Introduction of clean fuel and efficient technology 
Tins scenario examines the impact of introducing the following technological options - in a 
phased manner between 2001 and 2011 - on energy demand and emissions. 

Grounded in this vision of technological options, scenario 2 assumes that by the 
year 2010/11, with proper policy interventions, following technologies would be 
introduced for different types of on-road vehicles in the four cities. Table 5.15 gives the 
assumed changes in technological and fuel mix in 2010/11 in the four cities in scenario 2 
compared to the BAU. 

• Two wheelers: Share of 4-stroke engines in Delhi, Calcutta and Mumbai would 
increase from 11-12% in BAU to 50%, while that in Bangalore its share would 
increase from 20% in BAU to 25%. 

• Three wheelers: 15% of its share would be based on propane and 10% based on 
batter)' operated in the four cities as compared to the BAU where all three wheelers 
are based on petrol driven. 

• Cars'jeeps: More efficient cars like the ones with catalytic convertors, battery 
dr]\'en and CNG based (excepting Calcutta and Bangalore) will be on road as 
compared to the BAU case. However, the share of diesel driven cars would reduce 
to 15% in the four cities 

‘ Taxis: Share of CNG based taxis (excepting in Calcutta and Bangalore) would 

increase. While that of diesel driven would decrease as compared to the BAU case. 
.•\11 the taxis would be fitted with catalytic convertor in all the four cities 
Buses: Share of CNG (excepting in Calcutta and Bangalore) and battery operated 
buses would increase as compared to the BAU scenario where all buses are based 
on diesel driven m the four cities. 
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Tabic 5.15. Changes in technological and fuel mix in 2010/11 


Modes 

Technologies 


BAU scenario 



Scenario 2 


Del 

Cil 

Mum 

Ban 

Del 

Cal 

Mum 

Ban 

2-vvh 

2-stioke 

89 

88 

88 

80 

50 

50 

50 

75 


4-strolse 

11 

12 

12 

20 

50 

50 

50 

25 

3-wli 

2-stioke 

100 

100 

100 

100 

75 

75 

75 

75 


Pr()[),ine 

0 

0 

0 

0 

15 

15 

15 

15 


BOV 

0 

0 

0 

0 

10 

10 

10 

10 

C.ii/|i‘(*p 

Pre 1984 model 

1 

12 

12 

11 

0.5 

6 

6 

5.5 


Post 1984 model 

35 

16 

18 

49 

17.5 

8 

9 

25 


Catalytic com. 

40 

35 

32 

0 

54 

68 

57 

51.5 


Diesel 

24 

37 

38 

40 

15 

15 

15 

15 


CNG 

0 

0 

0 

0 

10 

0 

10 

0 


BOV 

0 

0 

0 

0 

3 

3 

3 

3 

T.ixi 

Petrol 

5 

5 

5 

5 

5 

5 

5 

5 


Diesel 

95 

95 

95 

95 

70 

95 

70 

95 


CNG 

0 

0 

0 

0 

25 

0 

25 

0 

Bus 

Bus 

100 

100 

100 

100 

80 

95 

80 

95 


CNG 

0 

0 

0 

0 

15 

0 

15 

0 


BOV 

0 

0 

0 

0 

5 

5 

5 

5 


5.1.2.3. Scenario 3: Strengthening of public buses and introduction of 
efficient technologies 

This scenario integrates the result of scenario I and 2 and provide the overall impact on 
energy demand and emissions. 

5.7.3. Results under three scenarios compared to BAU 
5.1.3.1. Energy demand 

Energy demand for the three alternative scenarios 1. 2 and 3 are estimated using the LE.AP 
trameuork. Derailed energy demand results of these scenarios are given in .4ppendix 5.8. 

5 10, and 5 12 respeern ely. 

Figure 5.11 gnes the trend in total energy demand from 1990/91 to 2010/11 under 
the alternative scenarios for the four cities. Energy demand results of scenarios 1. 2 and 3 
are then compared with BAU and is summarized in Figure 5.12. Following observations 
lorm Figures 5.11 and 5.12 could be drawn: 
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Fig. 5.12 Reduction(-)/add i tion( + ) in energy demand wrt BAU 
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• Reduction in energy demand would be substantial in future in Delhi, Calcutta and 
Bangalore with more buses on road as compared to the gradual introduction of 
clean technologies. However, in Mumbai, since buses are assumed to meet the same 
level of travel demand in scenario I as compared to BAU, but share of cars/jeeps 
to decline, extent of energy savings would be almost equal in both scenario 1 and 2 
compared to BAU. 

• Potential for energy savings is over 55% in 2010/11 for Calcutta if the 
recommendations of scenarios 1 and 2 are in place (i.e., the outcome of scenario 
3). While in Bangalore, Delhi and Mumbai, the energy savings potential under 
scenario 3 is 24%, 22% and 15% respectively. With transport energy requirement 
in Delhi during 2010/11 under BAU over 2.3 times than Mumbai and Bangalore 
and nearly 5 times than that in Calcutta, strengthening of mass transport with a 
view to reduce traffic congestion (scenario 1) and introduction of clean technology 
(scenario 2) would result in maximum benefit in terms of energy savings in Delhi. 
Total energy savings potential in Delhi during 2010/11 with more buses and clean 
technology is 355540 toe which is equivalent to what Bangalore would require 
during 2000/01 under the BAU scenario. The energy savings potential in Calcutta, 
Bangalore and Mumbai are 191850, 157900 and 105020 toe respectively. On an 
annual per capita basis, scenario 3 in 2010/11 would result in 25 kgoe of energy 
sav'ings in Delhi. 12 kgoe in Calcutta, 8 kgoe in Mumbai and 21 kgoe in Bangalore 
respectively. 

• Energy demand in Calcutta is estimated to increase marginally at the rate of 1.88% 
annually between from 1995/96 to 2010/11 (Table 5.16). But if recommendations 
of scenario 1 and 2 are in place, transport energy demand in the same period would 
reduce at the rate of 3.53% per annum with respect to the present energy 
requirement in the next decade. While in the other three cities, transport energy 
requirement in future would increase under alternate scenanos as given in Table 

5 16. 

Figures 5.13 to 5.16 summarize the structural changes in fuel requirement in the 
transport sector under alternative scenarios for Delhi, Calcutta. .Mumbai and Bangalore 
respectively The share of gasoline requirement would decline, while that of diesel would 
increase in the four cities under the four scenanos. Each of the four cities follow a 
different trend in fuel mix composition. 


T£RI REPORT N'O. 94/EM/53 (1997) 



113 EnvironmcnLil .ispects of energy use in urbjn Areas 


Table 5.16. Growth in total energy rcquifcmcnt under alternative scenarios (’000 toe) 


City 

1995/96 


2010/11 




BAU 

SI 

S2 

S3 

Delhi 

804.27 

1614.33 

1348.94 

1488.52 

1258.79 



(4.7574 

{3.517o) 

(4.197o) 

(3.037o) 

Calc iitta 

259. n 

343.07 

162.67 

308.29 

151.22 



(1.88%) 

(-3.06%) 

(1.16%) 

(-3.53%) 

Mumbai 

402.05 

711.05 

653.38 

652.92 

606.03 



i3 377n) 

(3.29%) 

(3.29%) 

(2.77%) 

BaiiHalurH 

269 41 

663.66 

524.70 

605.31 

505.76 



'6 19%) 

(4 54%) 

(5.54%) 

(4.29%) 


Figures wiihin parentheses arc the compound annual growth rates between 1995 & 2001. 
Delhi 

In Delhi, dependence on gasoline requirement will be more than diesel in this decade but 
this trend would reverse in the next decade (Figure 5.13). With 80% of the travel demand 
met by buses in 2010 11 in scenario 1, over 70% of the total energy in Delhi would be 
diesel and the remaining share would be gasoline. Introduction of clean technology in 
sccnaiio 2) from 2000 01 would result in dependence of CNG, electricity and propane 
apart trom gasoline and diesel. By 2010/11, share of CNG would be 10%o. propane and 
electricity I"!, each, gasoline 42% and diesel 46% respectively. Scenano 3 in 2010,11 
would result in almost d0"o diesel, 28% gasoline, 11% CNG, 1% elecmcity and <l%o 
propane. 

Calcuita. 

In Calcutta, lequnemer.t tor gasoline will be more than diesel in clean technology scenano 
2 nil 201(1 11 (Figure 5 :4). However, with more buses diesel demand in the city by 
2010,11 N\ill be about Share of electricity and propane in scenario 2 beyond 2000/01 
woiihl lie marginal, witn no provision for CNG chosen as an alternative. Results of 
scenano 3 reveals that by 2010/11, gasoline requirement would 28% of the total energy 
demand. 71% diesel, rho electricity and <1% propane. 
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Fig. 5.14 Energy mix pattern uncfer alternative scenarios 
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Miimhat. 

In Mumbai, scenario results do not show any significant deviation from BAU on the mix 
of fuel requirement under alternative scenarios (Figure 5.15). The current share of diesel is 
6S"o in the city. This is expected to go over to 72% in BAU, 77% in scenario 1, but 59% 
in scenario 2 and 62%o in scenario 3 by 2010/11. Clean technology scenario 2 would result 
in o\er 1 T’o dependence on CNG in the city, 2% on propane and 1% on electricity by 
2010 / 11 . 

Bangalore. 

In Bangalore, the BAU scenario shows an upward trend in demand share for gasoline and 
a re\erse trend for diesel, with share of gasoline and diesel being 58%o and 42% 
respectively by 2010/11 (Figure 5.16). But with more buses (scenario 1), share of diesel 
demand in the city will go up to as high as 78% in 2010/11. While in scenario 2, share of 
gasoline would be the highest 52?'o in 2010/11, 40% diesel, 5% propane and 1% 
electricity, with no provision for CNG chosen as an alternative. 

5.1.3.2. Emissions 

Emissions loading of CO, HC, NO,^, SO 2 , TSP and Pb are estimated for scenanos 1,2 and 
3 using LE.AP framework. The detailed results are given in Appendix 5.9, 5.11 and 5.13 
respectively 

Emission results from Appendix 5.7, 5.9, 5.11 and 5.13 are summarized in Table 
5 17 which gives the percentage reduction or addition of emissions in alternative scenarios 
compared to the BAU case in 2010/11. The same table also gives the extent of change in 
emissions loading between 1995/96 and 2010/11. These results are also depicted 
graphically in Figures 5.17 to 5.22 for different pollutants for three different years 
2000/01, 2005/06 and 2010/11. 

Carbon monoxide. 

With emission rates of CO from diesel vehicles lower than that of gasoline vehicles 
because of better combustion efficiencies, more buses on city roads would bring down CO 
omissions at a much higher level than the clean technology scenario (Table 5.17 and 
Figure 5.17). 
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Table 5.17. Percentage difference in emissions in alternative scenarios compared to BAU 
in 2010/11 


Pollut.int 

City 

Annual emissions (10*3 tonnes) 


Percentage 

reduction(-)/acldition( + ) 

1995/96 

2010/n 







BAU 

BAU 

SI 

52 

S3 

SI 

S2 

S3 

CO 

Delhi 

169 47 

200.62 

141.25 

142.00 

100.52 

-29.59 

-29.22 

-19.90 


C.ilcurt.i 

51 73 

48 61 

16.67 

35.58 

12.63 

-65.71 

-26.81 

-74 02 


Mumbai 

54.92 

78.55 

80.28 

57 87 

56 76 

2 20 

-26 33 

-27.74 


Bangalore 

51.39 

141 83 

65.94 

105 01 

54.93 

-53.51 

-25.96 

-61 27 

HC 

Delhi 

70 20 

82.48 

54 81 

56.82 

3719 

-33.55 

-31 11 

-54.91 


Calcutta 

19 69 

22.24 

6.40 

15.89 

4 47 

-71 22 

-28.55 

-79 90 


Mumbai 

21.77 

34.15 

34.47 

25.10 

24 62 

0.94 

-26.50 

-27.91 


Bangalore 

22.81 

73.63 

24 83 

56.31 

24 91 

-66 28 

-23.52 

-66.17 

NOx 

Delhi 

30 00 

65.56 

69 70 

51.53 

55.54 

631 

-21 40 

-15.28 


Calcutta 

6.71 

6.59 

7 99 

5.52 

7 40 

21 24 

-16 24 

12.29 


Mumbai 

19 26 

32.71 

32.15 

26.04 

25 63 

-1 71 

-20 39 

-21.64 


Bangalore 

11 48 

21.05 

26 43 

18.84 

24 44 

25 56 

-10 50 

16.10 

S02 

Delhi 

4.11 

10.49 

10 18 

8.16 

8.01 

-2.96 

-22.21 

-23.64 


Calcutta 

1 43 

2.12 

1.28 

1.70 

1 14 

-39 62 

-19.81 

46.23 


Mumbai 

2.92 

5.46 

5 17 

4 14 

4 01 

-5.31 

-24 18 

-26.56 


Bangalore 

1.71 

3.72 

4 18 

3 18 

3 92 

1237 

-14 52 

5.38 

TSP 

Delhi 

8.11 

13 39 

11 53 

9 67 

8.49 

-13 89 

-27.78 

-36.59 


Calcutta 

2.16 

2.76 

1.37 

2.05 

1.13 

-50 36 

-25 72 

-59 06 


Mumbai 

3.40 

5 99 

6 32 

4 48 

4.71 

5 51 

-25 21 

-21.37 


Bangalore 

2.89 

’15 

4 84 

5.72 

4 73 

-32.31 

-20.00 

-33 85 

Plj 

Delhi 

0.10 

0.10 

0 06 

0 07 

0 04 

-43 59 

-32.35 

-60.12 


Calcutta 

0.03 

0.03 

0 01 

0 02 

0 00 

-76 60 

-30 47 

-83.04 


Mumbai 

0 03 

0.03 

0 03 

0C2 

0 02 

-15 22 

-26.50 

-30 90 


Bangalore 

0 02 

0 08 

0 02 

0 06 

0 02 

-68 54 

-25.48 

-72.80 


Also, if recommendations of scenario 3 are adopted, potential for CO reduction is 
found to be ma.\imum in Calcutta and least in Mumbai 28% during 2010/11. With 
appropriate government inter\ entions, recommendations of scenario 3 would reduce CO 
emissions level e\en lower than the current loading in Delhi and Calcutta which is 169470 
and 51 :o0 tonnes respectively. While, in the other two cities, reduction in emissions will 
come down to a level which is marginally higher that the current CO emission. 


H\dvociU‘bon 

Like CO emission, implementation of scenario 1 recommendations would reduce HC 
emission more than the introduction ot technology scenario 2 in all the four cities 
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(Table 5.17 and Figure 5.18). This is also because, HC emission from gasoline vehicles are 
higher than the diesel ones because of low combustion efficiencies in gasoline engines. HC 
reduction potential is highest in Calcutta (80%) and least in Mumbai (2S?^o) during 
2010/11, if recommendations of scenario 3 are in place. Scenario 3 will reduce HC 
emissions in Delhi and Calcutta more that its current loading level of 70200 and 19690 
tonnes respectively. While in Mumbai and Bangalore, HC emissions in scenario 3 is 24620 
and 24910 tonnes respectively during 2010/11, which is 13% and 9°o higher compared to 
the current loading level. 

Nitrogen oxides. 

With more buses on road (scenario 1), emission of NO^ would increase by about 6% in 
Delhi, 21% in Calcutta and 26% in Bangalore as compared to BAU in 2010/11 (Table 
5.17 and Figure 5.19). While with the introduction of clean technology (scenario 2), NO^ 
emission would reduce by 21% in Delhi, 16% in Calcutta, 20% in Mumbai and 11% in 
Bangalore compared to BAU in 2010/11. Implementation of recommendations of scenario 
1 and 2 together (scenario 3) compared to BAU in 2010/11 would reduce emission by 
15% in Delhi, 22% in Mumbai, 16% in Bangalore, while, in Calcutta emission level would 
increase by 12%. 

Sulphur dioxide. 

Reduction potential for SO 2 emission is higher in clean technology scenano 2 compared to 
introduction of more buses scenario 1 in Delhi and Mumbai in 2010/11 (Table 5.17 and 
Figure 5.20). In Calcutta emission reduction potential is higher for scenano 1 compared to 
scenario 2 in the same year. While in Bangalore, introduction of clean technology would 
bring down emission by about 15% compared to BAU in 2010/11, but emission level 
would increase by 12°o. Scenario 3 would reduce SO, emission reduction potential by 46% 
in Calcutta, 27% in Mumbai. 24% in Delhi, but in Bangalore, SO^ emission would 
increase in scenario 3 compared to BAU in 2010/11. 

Total Suspended Particulate. 

In 2010 11, compared to BAU, potential for TSP reduction is very high in Calcutta (over 
50" 0 ) in scenano 1, while in Mumbai TSP emission level would increase by around 6% 
(Table 5.17 and Figure 5.21). However, in scenario 2, emission reduction potential in 
Delhi, Calcutta, Mumbai and Bangalore are 28%, 26%, 25% and 20% respectively. 

Scenario 3 compared to BAU in 2010/11 would bring down TSP reduction potential by 
37";. m Delhi, 59% in Calcutta, 21%o in Mumbai and 34% in Bangalore respectively. 
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Lead. 

Pb emissions reduction potential in Delhi, Calcutta and Bangalore during 2010/11 are 44%, 
n% and 69% respectively compared to BAU with more buses on road, scenario 1 (Table 
5.17 and Figure 5.22). While in Mumbai, reduction potential which is about 27% is higher 
under scenario 2. Considerable reduction potential of Pb emission exists in all the four 
cities during 2010/11 in scenario 3 compared to BAU - Delhi 60"'o, Calcutta 83%, Mumbai 
31'1» and Bangalore 73”«respectively. 

5.1.4. Financial viability of cleaner technologies 

This section analyzes the tlnancial viability of introduction ol new and cleaner 
technologies like the battery operated vehicles as an alternative to the conventional three 
wheeler autonckshaws and a compressed natural gas based passenger cars as an alternative 
to older model passenger cars. 

5.1.4.1. Battery operated vehicles as a substitute to autorickshaws 
.As mentioned earlier, three wheelers (or autorickshaws) have been growing rapidly in all 
the four cities. These are less capital intensive, convenient, easily accessible, involves 
less/mimmal waiting time as compared to a bus, reaches the destination fast and less costly 
when compared with ownership and maintenance of personal vehicles. 

CO. HC and Pb are the pncipal pollutants emitted by a conventional three-wheeler. 
For instance in Delhi, three wheelers (which run on 2-stroke inefficient engines) only 
constitute only 3”o of the total registered vehicles, but they contribute ZZI'o of CO, 33% of 
HC and 22'"o of Pb of the total emissions in the city (.Aamexure 5.3 and 5.7). Phasing out 
of tw'o-stroke engines is one of the most discussed strategies for mitigating the adverse 
impacts of road based passenger transportation system among the transport planners in the 
city 

■Analysis of financial viability of introducing BOVs as an alternative to the 
com’entional 3 wheelers in India has been earned out. This is because BOVs are 
comfortable, noiseless and zero emitting as compared to the existing 3 wheelers. Hence, 
substitution of three-wheelers, by introducing zero emission battery operated vehicles 
would lead to substantial reduction of the environmental pollution, especially in the large 
cities like Delhi. 

Present net value analysis is carried out for conventional three wheeler and that of 
Its substitute as a BOV. Then ratio of the present net value of BOV to that of a 
conventional three wheeler is computed with respect to the assumed life span of vehicles 
(as 9, 12. 15 and 18 years) over different set of discount rates (6, 10, 12 and 15 per cent). 

If the ratio is less than unity, it would mean that a BOV would be financially viable and 
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attractive over a conventional three wheeler for a given life span and assumed discount 
rate. 

Table 5.18 gives the ratio of the present net value of BOV to that of a conventional 
three wheeler for a given set of life span and assumed discount rate. 

Following assumptions are made for computing the net present value analysis: 

• BOV requires recharging time of 6-8 hours after every 100 km of run. Rechanging 
of batterv’ can be carried out in the night. 

• BOV costs Rs 150,000 (which includes the battery cost of Rs 45,000), as compared 
to a conventional three wheeler which costs Rs 45,000. The battery would have to 
be replaced every 3 years and there is a battery replacement cost of Rs 45,000 
every 3 years. 

• The annualised cost for the conventional three-wheeler comes to about Rs 28990 
(including the fuel and the O&M cost). The daily output of both BOV and three- 
wheeler is taken as about 100 kms and considering the vehicles would operate for 
about 330 days in a year, the annual output is 33000 kms. 

Table 5.18. Ratio of present value of 3 wheeler and BOV 


Discount 

Rate (%) 


Life span of vehicles 


9 

12 

15 

18 

6 

0.977 

0 9377 

0.9133 

0.8969 

10 

1 018 

0.984 

0.964 

0.950 

12 

1.038 

1.007 

0.988 

0.976 

15 

1.067 

1.039 

1.023 

1.014 


Annexure 5.14 gi\’es the results of the spreadsheet analysis to obtain Table 5.18. 
.According to Table 5.18, inspire of a BOV which is three times the capital upfront cost 
compared to a con\entional three wheeler, BOV is finacially viable over a conventional 
three wheeler even within nine years but with a very low discount rate of 6%. But if the 
discount rates go up, BOV will be attractive over a long run say around 12 years with 
Kfo discount rate. 

The higher upfront cost may cause a constraint for promotion of these zero 
emission \’ehicles, considenng that the ownersip of the vehicles would be private. 

Howe\'er, this can be overcome by various incentives like subsidy, loan facilities, adequate 
public awareness programmes etc. 

5.1.4.2. Compressed natural gas vehicles as a substitute to older model cars 
Considering the increasing motorization in India and the fast growth rate of petrol/diesel 
consumption and the consequent environmental degradation, an alternate, lower polluting, 
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tcclinology is always welcome in India. Gas is available in the country and the use of 
CNG reduces vehicular pollution at the local levels considerably, and also brings down the 
CHG emissions, thereby, addressing the issue of sustainable development. Conversion kits 
fitted in vehicles can render them operable on dual-fuel mode (CNG with petrol) and on 
bi-fuel mode (CNG and diesel). A pilot project was initiated by GAIL (under the Ministiy 
of Petroleum and Natural gas) since December 1992, for conversion of passenger vehicles 
and a few buses, and their related operationalisation aspects using CNG in Mumbai, Delhi 
and Vadorara. 

During GAIL’s pilot project for conversion of petrol vehicles to CNG, five CNG 
dispensing units were set up in Delhi, a few in Mumbai and 2 in Baroda. More than 1000 
petrol-run vehicles liax e been converted to the petrol-CNG dual tiiel mode of operation in 
these three cities and also some buses on diesel-CNG bi-fuel mode. While the results of 
pctrol-CNG passenger cars are very encouraging, but that of diesel-CNG buses is not at all 
encouraging. This is because under a typical Indian urban driving cycle a bi-fuel mode 
does not perform efficiently 

A national grid with a pipeline network connecting metropolitan cities is under 
consideration by the gox emment. However, acceptability of CNG as alternate fuel also 
depends on the policy decision of the Ministry of Petroleum and Natural Gas for allocation 
of sustained quantity of CNG to the Transport sector, keeping in view the requirements of 
sectors such as industr\ i fertilizer), power plants etc, which are gas-based. 

The Go\'emment is gn'ing exemption on Customs Duty on the CNG converter kit 
imported into the counriy. This has brought down the price of a converter kit by about 
15“ (). The cost of a peiroi-CNG kit fitted onto cars is about Rs 30,000/- exclusive of 
customs duty. 

The use of CNG cars would result in substantial reduction of CO, NO^, SO., and 
lead. The CO. emissions would be reduced by 20-25%. However, there would be an 
increase in the emission of HC and Methane (2-3 times). 

The financial anar.sis of a complete CNG car and that of a older model petrol car 
is presented in .■\nnexure 5 15. Table 5.19 summarizes the results from .Annexure 5.14 by 
calculating laiio of present values, a CNG car is a financially attractive proposition even 
with a ver>' high discount rate of 15% with assumed life of cars being 15 years or more. 
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Table 5.19. Ratio of present value of CNG car and conventional car 


Discount 

R.ite (7oi 

Life spcin of vehicles 

15 

18 

21 

6 

0.854 

0.841 

0.831 

10 

0.878 

0.870 

0.863 

12 

0.889 

0.882 

0.877 

15 

0.904 

0.898 

0.895 


However, CNG cars have not progressed successfully. This is mainly because of 
the fact that commercialisation of any new technology is a difficult process, confronted 
with many technological, economic and market-related barriers. The successful marketing 
of this technology is a complex phenomenon, affected by the response of three major 
groups - the customers, the industry, and the government. The vehicle manufacturers are 
unlikely to produce CNG x’ehicles without a demonstrable market demand, whereas the 
demand is stalled by the lack of infrastructure, and the infrastructure will not develop 
without CNG vehicles. In addition, promotion of this technology also requires a well 
conceived awareness programme along with scope of financial assistance. 
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5.2, Power sector 

5.2.1. BAU scenario 

This section gives the compiirative analysis and results of the various aspects discussed 
earlier for the power sector in the 3 cities - Delhi, Calcutta and Mumbai. 

5.2.1.1. Demand projections to examine changing requirements 

In order to examine the power situation from the demand side in the 3 cities under 
consideration, the requirements of each of these cities has been projected iipto 2001/02. 
The Central Electricity Authority (CEA) which is the main planning body, has made 
projections for requirements of power at the regional and State levels. On the basis of 
these projections, and the coiTcsponding growth rates, requirements at the city level have 
been estimated for all the three cities. It should be noted that availability is taken to be 
synonymous with requirements and unmet demands have not been considered in these 
estimates. 

In case of Delhi the actual and projected generation levels from the 3 thermal 
power plants are shown in Table 5.20. The CEA has projected the requirements for Delhi 
to grow at 8.56‘\). 7.50^) and 7.15% over the periods 1995 to 199S, 1998 to 2001 and 
2001 to 2002 respectix'el}’ [Fifteenth Electric Power Survey). Since the generation in Delhi 
is about SO'Mi. in the base case it has been assumed that 50% of the growth is met by 
plants within Delhi and the rest is met by purchases from the Northern grid. 


Table 5.20. .Availability of power in Delhi (GWh) 



Indraprastha 

Rajghat 

Badarpur 

IPGT 

Local 

generation 

imports 

Availability 

1988/89 

1105 

- 

4082 

209 

5396 

22 40 

7636 

1991/92 

1473 

584 

3986 

677 

6726 

3506 

10232 

1994/95 

1115 

831 

4508 

601 

7055 

8544 

15599 

1997/98 

1264 

943 

5112 

682 

8001 

11957 

19958 

2000/01 

1411 

1053 

5709 

761 

8934 

15857 

24791 

2001/02 

1462 

1090 

5913 

789 

9254 

1 7309 

26563 


W ith these projections, it is seen that the requirements for Delhi indicate that the 
power a\-ailabilit\- would increase by as much as 3.5 times in case of Delhi over the period 
1988/89 to 2001 02. According to the Northern Region Electricity Board (NREB), these 
icquirements ha\e been overestimated to some extent. Efowever, the requirement levels 
still indicate a \ery fast growth rate and it is observed that the intensity of consumption for 
Delhi vis-u-vis the other cities is seen to be rapidly overtai.ing that of the other cities. 

In case ot Calcutta, the power requirement from each of the power plants for the 
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future period is projected to grow at the rates as predicted for CESC’s requirements by the 
CEA. Accordingly, the growth rates are 5% from 1994/95 to 1997/98, 4.4% from 1997/98 
to 2000/01 and 4.2% from 2000/01 to 2001/2002 {9th Plan Power Programme, 1997- 
2002). This requirement is expected to meet the needs of the CMA area and CESC would 
meet the additional requirements by capacity addition in each of the plants. In the base 
case, it is assumed that the current technologies would continue to be used in each of the 
plants o\er time. The power supplied by WBSEB and DVC is considered as imports for 
Calcutta and the rest is generated locally by the CESC, the supplies of which are dedicated 
fully to the city of Calcutta. It must be noted however, that the study assumes that the 
Bandel power plant (under the WBSEB) is located within the city limits for the puq:ose 
of calculating emission loading for Calcutta, even though its power is not dedicated to the 
city’s consumption. It is assumed that the CMA region would not face shortages of power 
till 2002 and the availability is reflective of the requirement for power in Calcutta. As 
shown m Table 5.21 the availability of power in the CMA is expected to increase by about 
1.7 times during the period 1988/89 to 2001/02 in the base case. 


Table 5.21. Availability of power in Calcutta (GWh) 



Mulajore 

New 

Cossipore 

Titagarh 

Southern 

Bandel 

Kasba 

DVC Availability 

1988/89 

428 

669 

1295 

- 

2503 

- 

419 

5314 

1991/92 

349 

651 

1364 

694 

2048 

- 

341 

5447 

1994/95 

366 

706 

1639 

996 

2304 

17 

438 

6466 

1997/98 

424 

817 

1897 

1153 

2667 

20 

507 

7486 

2000/01 

482 

930 

2159 

1312 

3035 

23 

577 

8518 

2001/02 

502 

969 

2250 

1367 

3163 

24 

601 

8876 


In case of Mumbai, the projected power availability for the city is given in Table 
5 22. The Tata Electnc Companies which are responsible for supplying power to the city 
of .Mumbai have made estimates of the city’s requirements in fiimre in order to plan for 
iheir capacity expansion. It has been assumed that the level of power drawn from the 
hydro plants and from the MSEB would remain constant till 2002. The growth in 
requirement is assumed to be met by the Tata thermal plants located at Trombay. It is seen 
that the requirement in case of Mumbai has increased by 1.6 times during the period 
1988/89 to 2001/02. 
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Table 5.22. Availability of power in Mumbai (GWh) 



TEC thermal 
generation 

Hydro 

Purchases 
from MSEB 

Availability 

1988/89 

4904 

1308 

2439 

8651 

1991/02 

6191 

1636 

1566 

9393 

1994/95 

7015 

1335 

1968 

10318 

1997/98 

8952 

1379 

2038 

12368 

2000/01 

10157 

1379 

2038 

13573 

2001/02 

10581 

1379 

2038 

13997 


Source- Tlie Tata Power Company Ltd., Annual Report, 1993-95 


Figure 5.23 reveals a comparative profile of total power requirement in the three 
cities. In 19SS/S9, Mumbai had the largest requirement (8651 Gwh) followed by Delhi 
(7636 Gwh), but by 2001.02 Delhi’s requirements (26563 Gwh) e.xceed that of Mumbai 
(13007 Gwh) hy nearly mo times. Calcutta has always had the lowest requirement for 
power (5314 Gwh in 19SS/S9 and S876 Gwh estimated in 2001/02). 



Figure 5.23. Total requirement of power in the three cities 

It IS likely that the spurt in requirements in Delhi is largely due to the rapidly 
changing lifestyles in the city. The influence of the media and the effects of liberalisation 
in the last decade seem to have manifested this boom in energy intensive consumption 
pattems. Before the 1980s, Mumbai was the most Westernized city with the most energy 
intensive life style, high nse buildings, posh departmental stores and higher use of 
elecliical gadgets as compared to the other two cities apart from its being the major 
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economic centre for trade and industry. However, since the last couple of decades Delhi 
too has seen a spurt in commercial activity and lifestyles and consumption patterns have 
witnessed a distinct boom. The genesis of the noveaii riche segment has brought about a 
sea change in the energy consumption patterns in Delhi. 

5.2.1.2. Comparison of per capita consumption 

In order to e.xamine and compare the levels of power availability across the various cities, 
per capita generation is a better indicator as compared to the total generation since the 
e.xtent of industrial usage may be very different in the cities under comparison. Private 
consumption levels would be more indicative of the consumption intensity of people 
I'csidiiig in the various cities. Hence, the per capita power consumption is worked out on 
the basis of the estimated power consumption for non industrial purposes and the projected 
population levels for each of the cities over time. In case of Calcutta, the Bandel power 
plant is assumed to have TitD losses similar to the CESC system and its sales to CMA are 
added to airive at the total CMx-\ consumption. Proportional shares ore allocated to total 
consumption for categorization of non-industrial consumption for Calcutta. 

Figure 5.24. gives the comparative non-industrial electricity consumption intensities 
for the three cities. It is seen that Delhi has the highest per capita consumption levels all 
along from 19SS/S9 to 19‘-')4'95 among the 3 cities. The per capita non industrial 
consumption has increased in Delhi by more than 43% over this period - from a level of 
466 units in 198S/S9 to S65 units in 1995/96. The rate of growth of per capita 
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Fijjure 5.24. Per capita non-industrial consumption of electricity 
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consLimplions is also the highest in case of Delhi during 1988/89 to 1994/95. Calcutta and 
Mumbai had an annual growth rate of 1% and 2.8% respectively as compared to a growth 
rate of 6.8% in case of Delhi, fn 1994/95, Delhi’s per capita consumption is 2.2 times 
hiyher than that of Calcutta while it is 1.3 times that of Mumbai. 

Tliis trend reveals a rapidly increasing electricity consumption intensity in the city 
of Delhi which may be attributed to the rising income levels and the changing lifestyle in 
the capital city in the past decade. It is possible that the variation in per capita • 
coii.sumption might be due to climatic factors and also the standard of living. It is not 
[possible to identify such a correlation with certainty in the absence of data on income wise 
usage. Howe\er, the comparison of the trends across various cities does seem to suggest 
that a city like Delhi which is hot and dry in summers and comparatively quite cold in 
winter, might require more electricity for space conditioning rather than in case of Calcutta 
and Vlumbai which are near the coast and therefore have a more humid climate. Use of 
gadget like geysers, water coolers, air conditioners and room heaters is expected to be the 
higliest in Delhi. 

The low levels of per capita consumption in case of Calcutta may be expected due 
to various factors. Firstly, the inclusion of rural areas within the CMA boundary is 
expected to ha\'e an impact on the per capita consumption levels of power in Calcutta. 
Secondly, the climate of Calcutta which is relatively humid for most of the year has 
comparatively lower le^■els of electricity consumption for space conditioning, water 
heating, etc. .Vloreover. the city of Calcutta is also associated witli comparatively 
simplistic and traditional lifestyles which may also account for lower energy intensive 
lifestyles. 

5.2.1.3. Comparison of local generation and purchased power 
Another leature in the po\^er sector which has been examined over time and across the 
\’anous cities is the e.xteni ot local generation in these cities. The concern towards power 
generation within the city limits was felt both in terms of the impact of the resultant air 
pollution on the population residing within close proximity of these power plants and also 
m terms of ensuring reliable power supply to meet the requirements of the city. An 
important point to note in this context is that power planning in India does not entail any 
location planning with respect to cities or even States. The power plans are made for the 
region as a whole and the choice of site for the new plant is made on the basis of ease of 
availability ol raw materials and the existence of areas which are not termed as sensitive 
regions. 

Calcutta and Mumbai have had a dominance of power supply by private licensees 
and the supply position in the past decade has been more reliable than in case of Delhi. 
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Calcutta as a city was known for its frequent power cuts in the early 1970s, but this 
position changed after generation for the CMA was taken up largely by the private 
licensee - CESC. This may be indicative of a better.managed private supply system and 
may indicate much scope for the SEBs to improve their performance. However, this aspect 
may not he true for a larger sample size and the indication may be treated with caution. 

Another important feature with regard to power supply planning in India is that 
laige cities and important industrial areas arc often provided with priority supplies of 
power anti even if tlie city itself does not have enough capacity of its own, power may be 
drawn from neighboring areas at the expense of smaller towns and villages to meet 
electricity requirements in these areas. The example of Delhi is a case in point where the 
power generated within the city is not sufficient to meet the requirements, but more than 
5()";i of the requirements are being drawn from surrounding areas which also do not have a 
surplus. It is essential therefore to augment supplies for the entire countiy and planning in 
this regard should be considered from a holistic point of view. Therefore, the locational 
.ispect does not seem to hold much concern from the point of availability of reliable power 
supply if adequate capacity enhancement is planned for to meet the existing demand at the 
.All-India level and power is freely transferred from areas of surplus generation to the 
ilcllcient regions. However, the locational aspect for power plants does need to be 
considered with respect to the impact of emissions on the population residing in the 
vicinity. 

Between the penod 198S/'S9 and 1994/95, it is seen that the share of purchased 
power in case of both Calcutta and Mumbai has decreased while the reverse is true in case 
of Delhi. The siiuatioii for the 3 cities is revealed at a glance in Figure 5.25. Repons of 
the CESC and the TEC clearly indicate that there is considerable and continuous planning 
b> these agencies to enhance their capacities for making power available within their 
territories. This may therefore well be the reason of the difference obser\'ed when 
compared lo the situation of Delhi. An important point to note in terms of planning 
cspecialls for Delhi is with regard to the failure in meeting targets. Communication with 
ilie various agencies involved, has indicated that the projections on requirements and 
planning for capacity enhancement etc. are generally done at the Centralized level where 
the problems of actual operation are not well addressed. Due to such planning procedures, 
the targeted levels of generation are often not met and slippages have been continuously 
met by increasing levels of imports from the neighboring states. 
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Figure 5.25. Purchase of power 

fn order to meet its demand, DESU purchases power from various sources in the 
Nortiiern regional grid, such us certain central sector projects [Badaipur TPS. Singrauli 
STPS. Baira Siul (hydro). Saial (hydro) and Narora Atomic Power Station], and the 
neighboring electricity boards (for instance HSEB and PSEB). 

5.2.1.4. Fuel consumption and emissions 

In order to examine the le\‘el of emissions resulting from power generation in each of the 
cities, we have based the calculations for the past years on the actual generation, the 
specific fuel consumption and teclinological details available for each of the plants. 
Further, tor the future years, the generation has been projected on the basis of the growth 
lates for power requirement as per the CEA forecast and on the assumption that the 
ipecitic (uel consumption remains constant in the base case scenario. Accordingly, the 
coiisiimpiion levels of coal, oil and gas in the power plants located in the 3 cities are 
calculated for Delhi, Calcutta, and Mumbai and given in Tables 5.23, 5.24 and 5.25 
respectively 
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Table 5.23. Estimated coal consumption in Delhi (‘000 tonnes) 



Indraprastha 

Raighat 

Badarpur 

Total 

1988/89 

752 

- 

3429 

4180 

1991/92 

1172 

460 

3329 

4961 

1994/95 

918 

685 

3754 

5357 

1997/98 

1041 

777 

4257 

6075 

2000/01 

1162 

867 

4754 

6784 

2001/02 

1204 

898 

4954 

7026 


Table 5.24. Estimated oil consumption in Delhi (kl) 



Indraprastha 

Rajghat 

Badarpur 

Total 

1988/89 

35371 

- 

28204 

63575 

1991/92 

35170 

21128 

21089 

77386 

1994/95 

22904 

7832 

11947 

42682 

1997/98 

25972 

8881 

13547 

48400 

2000/01 

29004 

9917 

15128 

54049 

2001/02 

30040 

10272 

15669 

55981 


Table 5.25. Estimated natural gas consumption in Delhi (million cubic meter) 


Indraprastha CT 


1988/89 

75 

1991/92 

244 

1994/95 

217 

1997/98 

246 

2000/01 

274 

2001/02 

284 


The specific fuel consumption in case of Mulajore and New Cossipore plants in 
Calcutta is much higher (0.9 Kg^KWh) as compared to 0.6 Kg,d(Wh in most of the other 
units, since these are old and inefficient plants using the stoker fired technology. However, 
some of the older units have closed down or decreased their levels of generation so that 
the overall efficiency of the plants has been improving over time. Based on the specific 
fuel consumption, and the generation from each of the plants, the quantity of fuels 
consumed (coal and oil) by the power plants in Calcutta has been computed and is shown 
in Tables 5.26 and 5.27. For the period beyond 1994/95, the specific fuel consumption has 
been kept constant till 2001/02. For Kasba and DVC, the actual values were not available 
and we have therefore assumed that the efficiency of these plants is similar to that of the 
WBSEB plant (Bandel). 
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Table 5.26. Estimated coal consumption in Calcutta (‘000 tonnes) 



Mulcijore 

New 

Cossipore 

Titagarh 

Southern 

Bandel 

Kasba 

Total 

1988/89 

380.9 

595.4 

686.4 

0.0 

1276.6 

0.0 

2939.3 

1991/92 

328.1 

611.9 

818.4 

416.4 

1208.5 

0.0 

3383.3 

1994/95 

344.0 

663.6 

983.4 

597.6 

1359.5 

10.4 

3958.5 

1997/98 

398.6 

768.2 

1138.4 

691.8 

1573.8 

12.0 

4582.8 

2000/01 

453.2 

874.2 

1295.4 

787.2 

1790.8 

13.7 

5214.4 

2001/02 

472 2 

910 9 

1349.8 

820.3 

1866.0 

14.2 

5433.4 


Calcutta docs not lia\e any gas based units and coal is the major fuel used. This 
largely stems from the (act that gas is not available around this region, while the Eastern 
Coalfields provide eas\ access to power grade coal. Delhi has plants which use coal, oil 
and gas hut coal still remains the dominant fuel, Mumbai having easy access to natural gas 
has gas based plants, although the older units fire LSHS/Coal. also in relatively small 
quantities. 


Table 5.27. Estimated oil consumption in Calcutta (kl) 



Mula)ore 

New 

Cossipore 

Titagarh 

Southern 

Bandel 

Kasba 

Total 

1988/89 

2529.5 

3951.8 

11137.0 

0.0 

39048.2 

0.0 

56668.5 

1991/92 

2062.6 

3847.4 

15113.1 

11527.3 

19152.1 

0.0 

51702.5 

1994/95 

1240.7 

2393 3 

6834.6 

2101.6 

15553.4 

116.8 

28240.4 

1997/98 

1437 4 

2770.6 

7911.9 

2432.8 

18004.9 

135.2 

32692.8 

2000/01 

1634 4 

3152.6 

9002.9 

2768.3 

20487.7 

153.8 

37199.8 

2001 02 

1703.0 

3285 0 

9381.1 

2884.6 

21348.2 

1603 

38762.2 


Table 5.2S gi\'es the emission factor for power plants. The resultant emission level 
of each polluiani is calcuiaied using the emission factors and based on the generation and 
control technologies a\aiiable in the plants. Figure 5.26 shows the level of emissions of 
TSP. NO, and SO. in the three cities in 1994. 


Table 5.28. Emission factors in power plant 


Fuel 

Unit 


Pollutant 



T5? 

SO, 

NO, 

CO 

HC 

Coal 

kg/'tonne 

8A pulverised coal 

19.5 S 

7.5 

1 

0.5 



6.5A stoker fired 

19.5 5 

7.5 

1 

0.5 

Oil 

kg/kl 

1.255 + 0.38 

19.25 S 

6.25 12.6 others 

0.63 

0.12 

Gas 

il/10‘m' 

48 

15600 S 

2240 

272 

16 


Source Rapid Inventory Tecnniques in Environmental Pollution, WHO, Geneva, 1993 
URBAIR Report, NCR Report, TERI 
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Figure 5.26. Comparative profile of TSP, NO^ and SO. (1994) 

In both Delhi and Calcutta, it is seen that the main pollutant is TSP (which is 
however claimed to be within the prescribed limits). The NO, and SO. emissions are 
becoming fairly significant and their emission loading by 2001/02 is of the same 
magnitude as that of TSP in 1988/89. 

Figure 5.27. shows the emissions of all five pollutants in Delhi. 



60 

54 
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Figure 5.27. Base case emissions in Delhi 


TERI REPORT NO. 94/£My53 (1997) 







141 Enviranmentti! aspects of energy use in urban areas 


As shown in Figure 5.2S, the TSP emissions in Calcutta reveal a sudden dip in 
1997/98. This is duo to the switching over of the Bandel power plant from the use of 
Multi cyclones (with 85% efficiency) to ESPs. Mulajore and New Cossiporc use the stoker 
fired technology which results in larger quantity of bottom ash and only about 20% of the 
ash is emitted as fly ash. Therefore, even though the technology itself is more inefficient, 
this led to lower emissions of TSP. However, all the new units use the more efficient 
pulverized fuel technolouv. ESPs have been installed in all the units functioning as of date 
in order to contain the level of TSP emissions within the prescribed limits. As per the 
records, the ESPs are normally functioning at efficiency levels of as high as 99”o. In the 
base case scenario, however we have assumed ESPs working at 95”'o etficicncy le\els to 
account for periods of maintenance and disfunctioning etc. The other pollutants (SO,, NO^. 
HC & CO) are uncontrolled and are seen to increase with higher generation levels over 
time. 



1980/39 1991/92 1994/95 1997/98 2000/01 2001/02 


■~SP.M -^NOx *302 *C0 ^HC 


Figure 5.28. Base case emissions in Calcutta 

An analysis of these emissions indicates that even with the installation of ESPs 
which function at 95% efficiency levels, the problem of emissions related with TSP is 
contained within limits. The growth in TSP emissions at this level has been at 5% per 
annum, but the problem from this pollutant is not so severe since the toxicity levels are 
much lower. The main concern stems from SOi emissions which been increasing from 
these power plants at around 4% per annum and which have a much higher toxicity level 
on a per tonne basis. At present, there are no standards for limiting the emissions of SO 2 
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and NO^. 

The city of Calcutta is located in Eastern India which has rich coalfields and large 
hydro reserves. Therefore majority of the power stations have coal based thermal plants. 
Before the environmental standards had come into force, the use of Multicyclones as a 
control technology for reduction of TSP emissions was fine. However, with the current 
standards, it has become necessary for all the units to install ESPs since Multicyclones are 
unable to capture the smaller paniculates. Also, the older plants such as Mullajore and 
New Cossipore use the stoker fired technology rather than the pulverized fuel technology 
which IS prevalent these days. 

It is difficult to estimate the emissions from the TEC plant at Mumbai since 
disagureuated data on unitwise generation and specific fuel consumption levels was not 
available. However, an attempt has been made to work out the unitwise generation levels 
based on the average generation per day for the individual units and with information 
regardinu closure/ usage patterns of the units. Table 5.29 gives the estimated fuel 
consumption in Mumbai by the TEC power plants. 

Table 5.29. Estimated fuel consumption in Mumbai {TEC thermal) 



Coal 

LSHS 

. Gas 

'000 tonnes 

kl 

mcm 

1988/89 

150 

716642 

422 

1991/92 

199 

904821 

532 

1994/95 

214 

1025340 

603 

1997/98 

273 

1308781 

770 

2000/01 

310 

1484620 

874 

2001/02 

323 

1546592 

910 


The estimated emissions are provided, but these may be treated with caution. Since 
the new units at Trombay are generally run on ga&'oil, the problem of TSP emissions is 
not much as re^•eaIed in Figure 5 29. SO. and NO, emissions may be expected to pose a 
greater problem but the levels of these emissions are also much less compared to these 
emissions in either Delhi or Calcutta. For containing the emissions of Sulphur, TEC has 
been planning in advance and has already taken specific steps both towards increasing the 
stack heights of the ne\v units and of having FGD units installed in Units 5 & 6. 
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Figure 5.29. Base case emissions in Mumbai 

Tlie year\vise estimated emissions for the three cities is given in the Annexure 5.19, 
5.20 & 5.21. 

5 , 2.2 Alternative strategies 

Even though cleaner and more efficient fuels are sought to be increasimzlv used in order to 
move towards more enviromnentally benign generation technologies, it is expected that 
coal and oil will continue to be the major fuels used for generating power. The use of gas 
IS often inhibited by the lack ot infrastructure for transporting gas to vmnous locations, and 
lenewable sources such as wind, small hydro and solar energy would only serv^e only a 
fi action ot the future requirements for power. Since, the use of coal for power generation 
in India is likely to continue to increase over the next couple of decades, it would also 
continue to be a major source of air pollution unless adequate measures are taken to 
contain the emissions Therefore, it is important to examine various options by which 
power geneiation could be a more environmentally benign process. 

Options for reducing emissions from power plants include efficiency improvement 
measures (which would lead to a lower utilization of fuels for generating the same amount 
ol power) as well as the adoption of control technologies (at various stages of the power 
generation process). The following section provides a comparison of the base case 
emissions with 5 alternative scenarios for power generation in Delhi and Calcutta. These 
alternatives could even be used as retrofit technologies for the existing plants. Due to lack 
ol adequate technological details, the scenario analysis has not been extended for the city 
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of Mumbai. The air pollution as a result of power generation in Mumbai how'ever does not 
hold as much concern since most of the capacity today is gas based and the Tata Electric 
Companies have installed 2 FGD units (for SO, control), increased stack heights of 
chimneys (for greater dispersion of the pollutants emitted) and upgraded control equipment 
for TSP control (ESP installations and enhancements). 

For future power generation capacity, it is expected that advanced generation 
technologies such as AFBC, PFBC and IGCC would become popular, and these are briefly 
discussed as future options for India. 

5.2.2.1. Scenario 1: Better housekeeping and operating practices 

This alternative scenario considers the adoption of better housekeeping and operating 
practices in power plants at no additional investment cost. It is estimated that such 
measures can easily result in a 10% increase in efficiency of the power plants (or reduce 
the specific fuel consumption levels by 10%). Efficiency improvements due to better 
housekeeping are introduced in all the plants in the 2 cities after 1997/9S. Figure 5.30 
indicates the resultant reduction levels as compared to the base case scenario. 

This scenario presents a “win-win situation” since it does not im’olve any additional 
cost and could lead to reduction in the use of fuels and therefore impact of the resultant 
pollutants on the health of the people residing in these cities. It is therefore recommended 
that all power plants should at least resort to simple housekeeping measures as a first step 
towards achieving a better environment. Enhanced efficiency would in fact lead to 
additional benefits in terms of cost of fuel saved by the utility. 

5.2.2.2. Scenario 2: Improved performance of control technologies 

0\ er the past couple of decades, most of the coal based power plants have installed some 
kind of control device as an end-of-pipe measure to contain air pollution. ESPs in most of 
the plants are reported to work at 99% efficiency levels while multicyclones are reported 
to be 90% efficient. However, it is generally felt that these devices do not always work at 
these efficiency levels and there are often penods where the devices do not function 
properly due to poor maintenance. 

Under the base case, it is assumed that the average efficiency of ESPs is 95% and 
that of Multi cyclones is 85%. In the alternative scenario, the ESPs are assumed to 
achieve the reported levels of 99% efficiency and Multi cyclones to achieve 90% 
efficiency levels. 

The comparative emission levels under this scenario and the base case are also 
presented in the Figure 5.30 for the 2 cities. It is seen that the TSP levels in both the cities 
arc seen to decrease drastically - from 112 to 23 thousand tonne in Delhi and from 74 to 
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3i thousand tonne in Calcutta in 2001/02. This is another fairly simple procedure which 
power plants could easily resort to at fairly low costs. 



■*"D<iihi (base) +Calcutta (base) ■=^^Delhi (SCI) 
♦Calcutta (SCI) "^Delhi (SC2) >Calcutta (SC2) 


Figure 5J0. Alternative scenarios for reduction in TSP 

In the base case projections, it is obsen^ed that the emissions of both SOi and NO, 
are rapidly increasing and in the absence of any standards for these pollutants, these are 
expected to continue unabated. The levels (in tonnes) of SO, and NO, in Delhi and 
Calcutta in 2001.02 are seen to be nearing the 1988/89 TSP emissions in these cities. In 
tenns ot toxicity levels ot the \arious pollutants, NO, and SO, have relative weights of 4.7 
and 1.4 as compared to ! 26 for TSP (assuming 55% of TSP is PM,J {Air Qualm- 
Munm^cmciu. Considerar.ous for Developing Countries. World Bank 1995). Therefore, the 
toxic etfecis due to SO;, and NO are expected to be worse than bv TSP. since efforts are 
being directed at containing TSP emissions by power plants. Against this background, 
scenarios j and 4 have }een developed to examine the potential for reducing emissions of 
NO, and SO, trom power plants in the 2 cities. Scenarios 3 and 4 are discussed in the next 
two sections. 

5.2.2.3. Scenario 3: Adoption of low-NO^ combustion technologies 
Inclusion ot low-NO, burners in new boilers has been considered as an alternative option 
since the incremental costs in this case are miniinal. The option either includes overfire 
an systems or make provisions in boiler design tor easy incorporation of overfire air in the 
future. E\ en though minor adaptations may be required to accommodate the unique 
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characteristics of some coals (especially in countries such as China and India), no full- 
scope technology demonstration project is needed. Most developing countries have the 
capability (manufacturing facilities) to acquire the technology and to manufacture low-NO 
systems locally, although transfer of technology know-how may be required. 

Low-NO,( burners (LNBs) are designed to "stage” combustion. In this technology, a 
fiiLl-rich combustion zone is created by forcing additional air to the outside of the firing 
zone (auxiliary air) and by delaying the combustion of coal. Reduction of 30 to 55 percent 
of NO^ can be achieved with low-NO^ burners. The alternative scenario has considered the 
possibility of a 30% reduction after 1997/98. 

A comparison of the base case NO^ emissions with those in the scenario 3 for 
Delhi and Calcutta is shown in Figure 5.31. The costs of retrofitting existing boilers with 
low-NO, burners are estimated to range from USS 5/kW to USS 50/kW. Lack of 
environmental regulations requiring NO, emission control however, seems to be the major 
reason for the limited use of these technologies in developing countries. It is seen that NO, 
emission levels in 2001/02 can be maintained near 1988/89 levels with adoption of the low 
NO, technologies m the 2 cities. 

5.2.2.4. Scenario 4; Adoption of sorbent injection technology for SO 2 control 
This technology involves the removal of SO, by injecting a Sorbent (lime, limestone, or 
dolomite) into the combustion gases. The sorbent decomposes into lime, which reacts in 
suspension with SO 2 to form calcium sulfate (CaSOJ. The calcium sulfate, 
unreactedsorbent, and fly ash are removed at the particulate control device (either an 
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Figure 5.31. Alternative scenarios for NO, reduction 
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electrostatic precipitator or bagfiltcr downstream from the boiler. Sorbent injection, 
however, affects the properties of the particulates which in turn adversely affects the 
performance of ESP so that gas conditioning may be needed to maintain the ESP’s 
performance. 

SO, removal by this technology is generally 30 to 60 percent. In the alternative 
scenario considered, a 45'\i SO, removal is considered after 1997/9S. The technology is 
siiiiable for both new and rctrollt applications though a number of issues must be 
adclre.ssed before the technology is eonsidered fully demonstrated and commercialK 
axailable. It is more ad\ antageoiis than other technologies since it requires very little 
space, uses readily a\adable additives (sorbent), and is easy to operate and maintain. 
Capital costs of tins technology range between 70 to 120 USS/kW. 

Figure 5.32 g]\es a comparison of SO, emissions in the base case vis-a-vis the 
reduction scenario. With the control technology, the emissions in 2001,02 are maintained 
at 1988/89 levels. In light of the to.Kicity levels associated with this pollutant, it may be 
advisable to invest in control technologies at an early stage especially in cities where large 
populations may be exposed to these emissions. 

80, 
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Figure 5.32. Alternative scenarios for SOj reduction 

5.2.2.5. Scenario 5: Combined SOj/NO^ control 

Combined SO,/NO, control processes include absorption/regeneration, flue-gas irradiation, 
wet scrubbing with additive for NO, removal, gas/solid catalytic operations, 
electrochemical processes, and dry alkali processes. A NO, removal of 80 to 90 percent 
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and a similar level of SOi removal are expected from these processes. The alternative 
scenario considers a reduction of 85% both in case of SOj & NO^ after 1997/98. It is 
hou'e\’er likely that such processes would not be adopted in India unless there are stringent 
standards for reduction in emissions of SO 2 & NO^. The cost would also be another major 
deterrent towards opting for this technology. 

5.2.2.6. Scenario 6; Coal washing for TSP reduction 

This scenario considers the option of washing coal for reducing its ash content and 
consequently its TSP emissions. Recently a gazette has been passed wherein all coal for 
power plant should have a maximum of 34% ash content. This standardization of ash 
content would serve a dual purpose * firstly, to reduce the direct emission of particulate 
matter and secondly, to improve the efficiency of power plants themselves. Since coal 
being used in Calcutta already has an ash content of 25%, this scenario has been 
considered only for the city of Delhi. It has been assumed that the ash content would 
dimmish to 34% from the existing 40% after 1997/98. This would also simultaneously lead 
to a specific fuel consumption of approximately 0.60 from 1997/98 onwards as compared 
to more than 0.8 prior to this period. The cost for coal washing is estimated to range 
between Rs. 150 to 200 per tonne of coal washed. Figure 5.33 shows the comparative 
emissions of TSP in the base case and under the coal washing scenario for the city of 
Delhi. 



— SPM (base) ■+'SPM {SC6) 


Figure 5.33. Reduction in TSP in Delhi with washing of coal 


TERI REPORT NO. 94/EM/53 (1997) 




149 Environmental aspects of energy use in urban areas 


It is seen that TSP levels under scenario 6 (SC6) have decreased by 38% from the 
base case in the year 2001/02. 

5.2.3. Introduction of cleaner coal based technologies 

Apart from the six scenarios considered above, future capacity additions should consider 
advanced coal utilization technologies such as AFBC and PFBC which are both ready for 
use in developing countries, as well as technologies still in high cost or demonstration 
pliascs, such as IGCC. These technologies arc briefly discussed below. 

5.2.3.1. Atmospheric tluidized-bed combustion 

AFBC technologies are adaptable to both new and existing installations, work well in 
combination with other technologies, and are suitable for many local coals. However, their 
acceptance in many developing countries has been slowed by a lack of regulations 
requiring high removal of SO^. 

AFBC boilers can remove up to 90 to 95 percent SO,, while generating 100 to 300 
ppm NO, emissions. Bubbling AFBC usually removes 70 to 90 percent of the SO. 
depending on the coal’s charactenstics and the amount of limestone added. Circulating 
AFBC can achieve 95 percent SO. removal, with a calcium-to-sulfur (Cay'S) molar ratio of 
1.5 to 2.0. MO, emissions can be reduced further (to 10 ppm) with the addition of 
selective noncatalytic reduction (SNCR) processes. Boiler and overall plant efficiency of 
both .AFBC types are similar to those of conventional pulverized-coal plants {E.S. 
Tavoiilureas, WB, 1995). 

AFBC boilers are capable ot burning low-quality coals (e.g., low-heating-value 
lignites, coal cleaning wastes, petroleum coke, and other waste materials). Also, the same 
boilei can accommodate a wider range of fuels than conventional pulvenzed-coal boilers. 
The estimated capital costs for a 150 to 200 MW AFBC range from USS1300 to 1600/kW 
{ES Tii\oukiieas, ll'B • 995). Therefore, the AFBC technology should be chosen when 
fuel fiexibihty is desirable, low-quality fuels are available, low-NO, emissions are 
I'equired. and high (70 to 90 percent) SO. removal is desired. 

.AFBC technolog; is particularly adaptable for developing countries because it can 
bum the local coals (especially in China, India, Pakistan, and Eastern Europe). In addition, 
AFBC IS similar in design, manufacturing, and operation to pulverized-coal technology. 

Thus, It can be introduced and used by developing countries with minimal transition and 
effort. 

Although circulating AFBC is the preferred option in developed countries, 
developing countries may also choose bubbling .AFBC technology, which provides 
adequate SO, removal (70 to 90 percent), is less expensive, and is simpler to operate. The 
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main barrier keeping AFBC from wide application in developing countries is the lack of 
high SO, removal requirements. In developing countries, AFBC has to compete against 
conventional pulverized-coal plants, which have no SOj control technology. As SO, 
removal requirements increase to 60 to 90 percent, more and more AFBC boilers are likely 
to be used in developing countries in India. 

5. 2.3. 2 . Pressurized fluidized-bed combustion technology 
PFBC technology uses a combustion process similar to that of AFBC, but the boiler 
operates at higher than atmospheric pressure (5 to 20 bar), the gas is cleaned downstream 
from the PFBC boiler, and the gas is expanded in a gas turbine. 

PFBC has the advantages of AFBC technology (high SO, removal, low-NO, 
emissions, ability to bum low-quality fuels, and fuel flexibility) in addition to having a 
compact design as well as potential for achieving higher plant efficiency (up to 45 
percent) than conventional pulverized coal or AFBC (36.5 percent). 

PFBC technology can achieve more than 90 percent SO, removal, with Ca/S molar 
ratio of 1.5 to 3.0; can control NO, emissions at 100 to 200 ppm or less; and achieve 40 
to 42 percent efficiency in a combined cycle arrangement. 

Projections of capital costs for PFBC range from US$1200 to 1550/kW {E.S. 
Tavoiilareas, WB, 1995). At present, this technology is suitable for most coals available in 
de\'eloping countries, but technology demonstration may be required. Local manufacturing 
ma\' not be feasible for the key components (boiler pressure vessel, hot-gas cleanup 
system, and gas turbine) because of the need for specialized equipment and highly trained 
personnel. 

5.2.3.3. Integrated gasification combined-cycle 

Coal gasification is a process that converts solid coal into a synthetic gas composed mainly 
of carbon monoxide and hydrogen. Coal can be gasified in various ways by properly 
controlling the mix of coal, oxygen, and steam within the gasifier. There are also several 
options for controlling the flow of coal in the gasification section (e.g., fi.xed-bed, 
lluidized-bed. and enirained-flow systems). 

Because of its high cost and early stage of development, IGCC technology is, for 
the near future, an unlikely choice of technology for developing countries with lenient SO 2 
remo\ al and NO^ emission regulations. However, it is one of the few technologies (the 
other being PFBC) that significantly increases power plant efficiency and will have a 
beneficial effect in reducing emissions of CO,. As such, IGCC, like PFBC, is a technology 
that may be used in developing countries like India in the long term. 

IGCC, like PFBC, combines both steam and gas turbines ("combined cycle"). 
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Depending on the level of integration of the various processes, IGCC niay achieve 40 to 
42 percent efficiency. 

The fuel gas leaving the gasifier must be cleaned (to very high levels of removal 
efficiencies) of sulfur compounds and particulates. Cleanup occurs after the gas has been 
cooled, which reduces o\crall plant efficiency and increases capital costs, or under high 
pressure and temperature (hot-gas cleanup), which has higher efficiency. However, hot-gas 
cleanup technologies arc still in the early demonstration stage. 

After the fuel gas has been cleaned, it is burned and e.Kpands in a gas turbine. 
Steam is generated and superheated in both the gasifier and the heat recovery unit 
downstream from the gas turbine. The fuel gas is then directed through a steam turbine to 
produce electricity. 

IGCC plants can achieve up to 45 percent efficiency, greater than 99 percent SO^ 
removal, and NO^ below 50 ppm. 

IGCC cost projections range from [JS$1500 to 1800/kW; 10 to 20 percent higher 
than for pulverized-coai with wet sembbers {E.S. Tcivoulareas, IFB. IPPS). IGCC 
technology may be the technology of choice when high SO, removal (e.g., 99 percent or 
higher) and low-NO^ emissions (below 100 ppm) are required. 

The primary constraints towards the adoption of the technology at this juncuire are 
that the technology needs further demonstration, the costs are higher than those of 
competing technologies, and the fact that environmental regulations in developing 
countries do not require the high SO. removal and low-NO^ emissions achieved by IGCC. 
However, high-ash coais. such as those in India, would require fluidized-bed gasification 
processes 

5.3. Industrial sector 

S.3. 7 . Energy intensity and emissions in Delhi 

Table 5 30 gives the growth of energy intensive manufacturing industries during the years 
!080'9() and 1993/94 in *.'ie tour cities. Since no uniform information is available at city 
le\'el, available data from .ASI for the respective states is studied to analyse the trends in 
industrial development. 

From Table 5.30. u is observed that most of the energy intensive industries have 
grown considerably between 1989/90 and 1993/94. In West Bengal there has been 
significant growth in industries 23 (37°'o), 24 (44°o) and 32 (39%) while there has been a 
marginal decline in mdustnes 28 (2.24%), 30 (2,27%) and 31 (1.1%). In Maharashtra, 
there has been a marginal growth in almost all the industries (ranging between 3.24% and 
4().j2"fi) e.vcept 24 (manufacture of wool, silk and fibre te.Ktiles) which has declined 
marginally (7.54%). In Karnataka there has been a significant decline in industry 24 (41%) 
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and a marginal decline in 23 (5.47%), 28 (5.9%) and 33 (13.31%) while there has been a 
marginal growth in the rest of the industries (ranging between 1.14% and 25%). Figures 
5 .j 4, 5.35, 5.36 and 5.j»y summarize the growth trends (represented in percentage change) 
111 the energy intensi\-e industries in Delhi, West Bengal, Maharashtra and Karnataka 
respectively in 1989/90 and 1993/94. 

The following section analyzes the variables influencing changes in energy 
intensities and emission during 1989/90 and 1993/94 for the following selected energy 
intensive manufacturing industries in Delhi. These include 20-21: food products; 23; cotton 
textiles; 24: wool, silk and man-made fibre te.xtiles; 28: paper and paper products and 
printing, publishing and allied industries; 30: basic chemicals and chemical products 
(except products of petroleum and coal); 31: rubber, plastic, petroleum and coal products, 
processing of nuclear fuels; 32: non-metallic mineral products; and 33: basic metal and 
alloys industries. 

5.3.1.1. Manufacture of food products 

The manufacture of food products (NIC code 20-21) is one of the important industry in 
Delhi with over 142 industries in operation. The various types of industries (NIC 4 digit 
level) under this category' existing in Delhi are as follows; 


Industry Code 

Type of industry 

2010 

Manufacturing of dairy products 

2020 

Canning and preservation of fruits and vegetables 

2041 

Flour milling bv power machine 

2049 

Other gram milling and processing activities 

2050 

Manufacturing of bakery products 

2111 

Manufacturing of vegetable oils and fats 

2160 

Manufacturing of ice 

2199 

Other rood processing 
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Humber of Units 
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igure 5.34. Giowth of indiibtitei in Deihi 
1989/90 & 1993/94 


Figure 5.35. Giowth of industries in West Bengal 
1989/90 & 1993/94 
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Number of Units 



Figure 5.36. Giowth or industries in Maharashtra 
1989/90 & 1993/94 


Figure 5.37. Growth or industries in Karnataka 
1989/90 & 1993/94 
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While analysing the data, the following four digit level industries were not 
incliKled viz., 2041 and 2049 has not been considered due to unacceptable variations in the 
energy consumption and negative value addition respectively. 

The net value added (NVA) has increased over two times in this sector with a 
NVA of 430.6 million rupees in 1993/94, at constant (1980/81=100) prices is given in 
Table 5.31. The total energy consumption has reduced marginally (by 5.94%) between 
1989/90 and 1993/94. This indicates some structural changes particularly in the form of 
shilt to higher \-alLic added products in the sector. This is evident from the large increase 
m NV,'\ m industry 2010 and industiw 2111 where the increase is of the order 393";) and 
784"II rcspectncly whicli are the two major contributors to the value addition in this sector 
with the shares of lS.S"(i and 5 S"h rcspecti\ely. 
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Table 5.31. Energy intensity, v alue addition, input cost and gross value of plant and machinery for sector 20-21 (food products, sugar & 
b reweries) in Delhi for the year 1989/90 and 1993/94. ____ 

Imlui-trY Type of incliiMry Total Energy Net Value Added Input Cost (Rs Gross Value of Plant Energy Intensity NVA/Input Cost 

Consumption (toe) (Rs Thousands) Thousands) & Machinery (Rs (toe/Rs Thousands) 
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The large increases in NVA and NVA/input cost ratio (which has gone up by about 
112% with the ratio at 0.239 in 1993/94) is mainly due to the structural changes that have 
taken place in the sector whereas the gross value of plant and machinery has gone down 
(by 35.65% with a value of Rs. 79.3 million in 1993/94 at constant prices) during the 
same period. This also signifies the improvements that have taken place in energy 
efficiency through technological interventions. This is evident from the large decline in 
energy intensity (57.1“'o) in this sector (from 0.0732 toe/thousand rupees to 0.0314 
toe/thoLisand rupees) which is largely refiected through the reduction in energy intensities 
in major contributors to value addition in this sector viz. The decline in energy intensity 
in industry 2010 is of the order 80.4% and in industry 2111 is of the order 89.9% Figure 
5.38. However, the major increase (almost doubled) in the energy intensity of industry 
2020 with a value of 0.0529 toe/thousand rupees in 1993/94 and the little increase case of 
industry 2050 with a value of 0.0705 in 1993/94 are not very significant since their 
contribution to NVA is \’ery nominal. 


Change in Energy Intensity (S) 



Figure 5.38. Changes m energy intensity of industry 20-21 
during 1989/90 & 1993/94 

While the total energy consumption has marginally declined by 6.32% from 
1989/90 (13521 toe in 1993/94) the energy mix has undergone a marginal change Table 
5.32. There was a slight decline in coal share from 19.46% to 14.32%, a small increase in 
the consumption of elecncity purchased which has increased from 29.72% to 32.08%, a 
marginal increase in oil consumption from 49.71% to 51.85%. When analysed the details 
ot consumption trends within the sector, it was observed that the shift from coal usage to 
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oil has taken place mainly in case of the NIC 4 digit level industries 2111 where there was 
a 21.3% decrease in the share of coal usage and 19.7% increase in the share of oil usage, 
and 2199 where there was 12.5% decrease in the share of coal usage and 6.2% increase in 
the share of oil usage along with a 7.7% increase in the share of natural gas. There is also 
a small fraction of shift from oil to electricity in case of 2020-caruiing and preservation of 
fruits and vegetables and 2050 (about 4.7% decrease in the share of oil usage and 4.8% 
increase in the share of electricity purchased). This change is a result of changes to higher 
value adding products. Further, the shift of fuel use from coal to natural gas, oil and 
electricity purchased is considered healthy from the point of view of environmental 
pollution since the emissions from usage of these energy modes is much less in 
comparison to the coal usage. 

The outcome of the analysis of the energy consumption in this industry is that, in 
view of the increasing trend in the net value added, and the decreasing trend in energy 
intensity coupled with the improvements in energy efficiencies resulting in stabilising the 
energy consumption levels with higher value additions are healthy indicators for improved 
environmental performance of the industries in this sector. 

Emissions from this sector have also been estimated using appropriate emission 
factors. It was found that the TSP from coal combustion is the main pollutant emitted 
from these industries besides SO,, NO,^ and CO from both coal and oil combustion. 

Annual emissions of TSP were found to be of the order 1067 tonnes, SO, were of the 
order 323 tonnes, NO, 385 tonnes and CO 36 tonnes in 1993/94 Table 5.33. Between 
1989/90 and 1993/94, the TSP emissions have come down by 28%, SO,, NO^ and CO 
emissions have increased by 285%, 317%, and 256% respectively. The changes in the fuel 
mix during this period, especially the shift of fuel use from coal to oil and electricity could 
be attributed to the reduced TSP and increased emission of the remaining pollutants. This 
trend is certainly seen as positive and good from the point of view of the reduced 
contribution of pollution emissions to the city’s atmosphere and improving environmental 
performance of the industry. 
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Table 5.33. Fuel-wise contribution of emissions fix)m industry 20-21 in Delhi 



Coal 


Natural Gas 

Oil 


Total 


Polliit.int 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

TSP 

1484 

1027 

0.01 

0.01 

6 

40 

1490 

1067 

SO, 

43 

30 

0 

0 

40 

293 

84 

323 

CO 

6 

4 

0.05 

0.07 

4 

32 

10 

36 

HC 

3 

2 

0.01 

0.01 

1 

7 

4 

9 

NO, 

43 

30 

0.42 

0.62 

49 

355 

92 

385 


5.3.1.2. Basic chemicals and chemical products (except products of petroleum 
and coal) 

Manufacture of basic chemicals and chemical products (NIC code 30) is one of the major 
industry in Delhi with over 226 industries in operation during 1993/94. The various types 
of industries (NIC 4 digit level) under this category existing in Delhi are as follows; 


Industry Code Type of industry _ 

3002 Manufacturing of industrial gases 

3014 Manufacturing of pesticides 

3024 Manufacturing of natural polymers & modified natural polymers in primary forms 

3032 Manufacturing of paints, varnishes, enamels, etc. 

3035 Manufacturing of printing, writing, drawing ink 

3042 Manufacturing of allopathic pharmaceutical preparations 

3043 Manufacturing of 'aurvedic' of 'unam' pharmaceutical preparations 

3051 Manufacturing of toilet soaps 

3059 _ Manufacturing of others (incl. scented sachets, etc) _ 

During 1989/90 and 1993/94, there is little decline in the net value added in this 
sector (19.79%) with a NVA of Rs.342/- million in 1993/94 at constant prices Table 5.34 
while the total energy consumption has increased by 4.89% between 1989/90 and 1993/94. 
There was a major decline in NVA in 3032 (4697%) and a major decrease is obser\'ed in 
NIC 4 digit level industnes 3002 (75.3%), 3014 (31.5%) and 3035 (43%), while the 
energy consumption levels have marginally increased in these industries except in 3002, 
3014 and 3032. The mega contributor to NVA in 1989/90 was 3032 which has drastically 
fallen down to the least contributor in 1993/94, while other major contributors of NVA at 
present continue to be 3014 (18.2%), 3024 (25.5%), 3042 (16.6%) and 3051 (15.91%). 
This indicates that while there have been no major changes in the industry, the fall of 
NVA could probably be attributed to market trends which might have forced decline in 
production levels of this sector, particularly the industry 3032. 

The decrease in NVA coupled with the slight increase in NVA/input cost ratio 
(which has gone up vary marginally from 0.190 to 0.194 in 1993/94), mainly leads to the 
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conclusion that the production levels have gone down between the two years under study. 
Profitability in the industry (in India) was on a gradually declining trend between 1989/90 
and 1993/94 (CM/£, Jamuiry 1996). While the energy intensity in this sector has increased 
by about 31% (from 0.103 to 0.135 toc/thousand rupees), the plant and machinery cost has 
almost remained the same with a very little increase of 3% (which is of the order Rs 105 
million in 1993/94). However, the energy intensities have changed considerably within the 
sector in the 4 digit level industries. The energy intensity has gone up considerably in 
industry 3032, by 1294"'o, (from O.OOll in 1989/90 to 0.0155 toe/Rs.OOO in 1993/94). 
While major increases in energy intensity have been observed in 3002 (161.4%), 3035 
(114.5%), 3042 (93.2%) and 3059 (34.2%), decreases in energy intensities also have been 
observed in 3024 (74.7%o), 3043 (92%) and 3051 (45.2%) Figure 5.39.The plant and 
machinery costs in this sector have also not changed much, though there has been some 
noticeable increase in some cases like industries 3014 (417.2%), 3032 (59%), the decline 
m others have kept the overall plant and machinery costs almost at the same levels. 


Change in Energy Intensity (T.) 



Figure 5.39. Changes in energy intensity of industry 30 
during 1989/90 and 1993/94 

While there has been a small increase (4.89%) in the total energy consumption 
(from 4405 toe in 1989/90 to 4620 toe in 1993/94), the energy mix has slightly changed 
with a move from coal and electricity purchased to oil. Between 1989/90 and 1993/94, the 
share ot coal has come down from 9.66% to 5.92%, the share of electricity has come 
down from 37.33 to 30,86% while the share of oil has increased from 52.46% to 61.54% 
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and a very slight increase in the share of natural gas (from 0.56% to 1.68%). The details 
of fuel shares in 4 digit level industries also imply the above trends clearly which is 
evident from Table 5.35 the following; there is a major decline in coal consumption (by 
55.6%) from 424 toe to 237 toe in industry 3051 in which the oil share and electricity 
shares have gone up from 21.95 and 6.27 to 38.81 and 16.53 respectively; there is a 
considerable increase in the share of oil from 56.47% to 75.31% in industry 3042 while 
the share of electricity purchased has at the same time come down from ^OJyVo to 
23.70%. Similar trends have been observed in industries 3002 and 3024 (in 3002 the oil 
share has increased from 17.16% to 34.54% while the electricity share has decreased from 
82.84% to 65.46% and in 3024 the oil share has increased from 68.81% to 78.65% while 
the electricity share has decreased from 31.19% to 21.35%). These changes in energy mix 
have probably resulted from the interventions made for energy efficiency improvements 
which is evident from the fact that the energy intensities in these particular industries, with 
shift from coal to oil or electricity to oil, have decreased. 

The major observation from the analysis of energy consumption trends in this 
sector is that, the increasing trend in energy intensity (in general) and decreasing trend in 
the net value added coupled with the increasing trend in the overall energy consumption 
are leading to the indication that the environmental performance of the industries in this 
sector is not improving and is of some concern. 

The emissions from this sector have been estimated using appropriate emission 
factors and it was found that the TSP from coal combustion is the main pollutant emitted 
from these industries besides SO 2 , NO,; and CO from both coal and oil combustion. 

Annual emissions of TSP were found to be of the order 161 tonnes, SO 2 were of the order 
117 tonnes, NO^ 141 tonnes and CO 13 tonnes in 1993/94 Table 5.36. Between 1989/90 
and 1993/94, the TSP emissions have come down by about 30%, while SO 2 , NO,; and CO 
emissions have increased considerably by 408%, 432%, and 385% respectively. The 
changes in the fuel mix during this period, especially the shift of fuel use from coal to oil 
and electricity coupled with energy conservation efforts could be attributed to the reduced 
TSP, and the increased emissions of the remaining pollutants could be partly attributed to 
the increased number of industnes in this sector in Delhi. However, the high increase in 
overall emissions from the various industries in this sector and the associated implications 
on the pollution levels in the city can not be ignored in the interest of protecting the public 
health and environmental improvement in the city. 
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Table 5.36. Fuel-wise contribution oF emissions from industry 30 in Delhi 



Coal 


Natural Gas 

Oil 


Total 


Pollutant 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

TSP 

226 

145 

0 

0 

2 

16 

228 

161 

SO, 

7 

4 

0 

0 

16 

113 

23 

117 

CO 

1 

1 

0.01 

0.02 

2 

12 

3 

13 

HC 

0 

0 

0 

0 

0 

3 

1 

3 

NO, 

7 

4 

0.06 

0.20 

20 

137 

26 

141 


5.3.1.3. Cotton textiles 

Manufacture of cotton textiles (NIC code 23), though is not a major industry in Delhi, 
there are over 32 industries in operation during 1993/94. The only type of industry (NIC 4 
digit level) under this category existing in Delhi is 2360 (Bleaching, dyeing and printing of 
cotton textiles). 

An important obser^’ation on this sector is that the NVA has almost reduced to 
half (decreased by 48.46°u) in this sector with a NVA of Rs 76.4 million in 1993/94 Table 
5.37 while there has been a little decrease in the total energy consumption (11.221'o) 
during this period. While both the two types of industries viz. 2350 and 2360 have shown 
a considerable decrease in NVA (48.9% and 38.1% respectively), the energy consumption 
decreased only in industn.’ 2360 whereas there was no change in the energy consumption 
levels of industry 2350. 

The large decrease in NVA and NVA/Input cost ratio (which has reduced from 
0.414 to 0.210) is mainl\ due to the reduced production levels in the industry. Wliile at the 
same time the gross value of plant and machinery has considerably gone down (by about 
38.3°'!) with a value of 113.3 million in 1993/94) during the same penod keeping in the 
input cost at almost same level. This also signifies that the industry is labour intensive and 
hence the reduced production levels have mainly resulted in reduction of value addition 
while the input costs ha\ e not come down much. This is also evident from the large 
increase in energy intensity (which has increased by 72.26%, changed from 0.0663 to 
0.1142 toe/thousand rupees) which is largely reflected tlirough the increased energy 
intensity m industry 2350 (95.42%) which can be seen in Figure 5.40. 

While the total energy consumption has declined by 12.64% (8725 toe in 1993/94), 
the energy mix has undergone a few changes which essentially include a shift from 
electricity to oil Table 5.38. The share of electricity has decreased from 49.6% to 31.72%, 
the share of coal has slightly increased (from 41.3.6% to 43.24%) and the share of oil has 
increased from 8.98% to 25.04%. Details of the fuel mix patterns indicate that the above 
trend is reflected mainly in industry 2350 in which the electricity share has decreased from 
69.04% to 38.82%, the share of coal has increased from 21.95% and the share of oil has 
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incrcQscd from 8.93/^ to 30.12/^), while in esse of 2360, which is 3 cosl dominsted 
industry, the share of coal has increased from 89.94% to 91.65%, the share of oil has 
decreased from 9.12% to 4.84% and the share of electricity has increased from 1.94% to 
3.52%. 


Change in Energy Intensity (J!) 



2360 

Industry (NIC Code) 


Figure 5.40. Changes in energy intensity of industry 23 
during 1989/90 and 1993/94 

The energy consumption analysis in this sector has revealed that, the decreasing 
trend in net value added and the increasing trend in energy intensity coupled with the fact 
that the input costs have remained at the same levels, indicates that the industry is on a 
declining trend, particularly the bleaching, dying and printing of cotton textiles (NIC 4 
digit code 2360) which is seen as an environmentally non-benign trend. 

The emissions from this sector have been estimated and it was found that the TSP 
from coal combustion is the main pollutant emitted from these industries besides SO 2 , NO^ 
and CO from both coal and oil combustion. Annual emissions of TSP were found to be of 
the order 2048 tonnes. SOi were of the order 393 tonnes, NO^ 463 tonnes and CO 45 
tonnes in 1993/94 Table 5.39. Between 1989/90 and 1993/94, the TSP emissions have 
come down by about 5%, SO,, NO, and CO emissions have increased by 419%, 497%, 
and 361% respectively. The decline in the industry coupled with the changes in the fuel 
mi.x during this period, especially the decreased consumption of coal, shift of fuel use 
from electricity to oil could be attributed to the resultant reduction in TSP and increased 
emission of the remaining pollutants. This trend is not encouraging from the point of view 
that it is not going to greatly contribute to the improved environmental status of the city. 


TERI REPORT NO. 94/EMy53 (1997) 




V //o/i/ue/u.iZ .is/)ucii ol 



a 

W) ^ 

C CO 

'C > 
^ 5 
•a 


£ 

o 

Q 

c 


o 


o 

a 


o 

M 

(U 

ra 

"w 

u 

M 

rt 

f 

s 

p 

s 

c. 

'a 

r* 

c3 


c c 
o _0 

0 E 
S 

It-I s 

o Cfl 

(U ? 
L. O 
3 a 

0/) 


3 (L) 

r* 

2 w 


ri 


o 

a 

>. 

B? 

c ^ 

(U ON 

’t;! ^ 

S5 ON 


o 

H 

00 * 

rn 

•/i 

(U 

3 

CO 

h 


On 

TD 

C 

CO 

o 

a\ 

ON 

CO 

On 


dJ 

I ° 

£ u 


- 00 
9- c 


00 >c 
c OJ 

-c r- 



»■» ^ 

T 

'T C 

q 

q vC 

cri 

ON 


'■t 


in ^ 

ON 

m Tf 


N 

00 

CO 

T 




(N 

T 


00 O 

d 

■Nf m 

rn 

(N 


in ■~' 

a\ 

oo ^ 

ON 

oo 

o 


CN 

(N 



n 

CN O 

ON 

— ON 

CO 

0 ® 



m 

O m 

(N 

vO CO 

NO 

CN eo 





CO 

o 

vO 

o 


o 

o 

o 

q 




o 


nD 




lo 

in 

? 

o 

o 

CN 


r- 

m 

m 

3N 

N" 





CN 

m 

o 

C 

IN 

r— 

O 

fN 

(N 

■“ 

m 




to 

? 

Co 

Cj 

Ol 

cn 


eo 

r- 


CO 

T 





'n 

m 

rn 

m 

NO 

un 

in 

o 


CN 

T 










c 

E 





QO 

5 


C 

a 


a 

5 

■3 

c 

(fl 



CO 


DO 

c 



Cy ,n 



NCI 

■0 £ 



(U 

u 

5 

JO 

c 


N 

CN 


m 

in 

1 

LU 

cn 

6 

z 



Bose, Srinivas, Maihur, Dass 168 


Table 5.39. Fuel-wise contribution of emissions from industry 23 in Delhi 


Pollutant 

Coal 


Natural Gas 

Oil 


Total 


1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

TSP 

2157 

2002 

0 

0 

2 

46 

2158 

2048 

SO, 

63 

59 

0 

0 

13 

334 

76 

392 

CO 

8 

8 

0 

0 

1 

37 

10 

45 

HC 

4 

4 

0 

0 

0 

8 

4 

11 

NO, 

62 

58 

0.01 

0 

15 

405 

78 

462 


5.3.1.4. Basic Metal and Alloys Industries 

Manufacture of basic metal and alloys (NIC code 33) industry is also one of the major 
industry in Delhi with over 266 industries in operation during 1993/94. The various types 
of industries (NIC 4 digit level) under this categoiy^ existing in Delhi are as follows: 


Industry Code 

Type of industry 

3301 

Manufacturing of iron and steel in primary/semi-finished forms in the 
integrated plants 

3309 

Manufacturing of iron and steel in primary forms 

3313 

Manufacturing of wire-drawings of steel, alloy steel 

3319 

Manufacturing of semi-finished iron and steel 

3330 

Copper manufacturing 

3340 

Brass manufacturing 

3370 

Casting of metals 


While analysing the data, for the years 1989/90 and 1993/94, the four digit level 
industries 3301, 3313 and 3319 were not considered since they were in losses (NVA was 
negative). 

NVA by this sector has increased by 55.65% with a NVA of 67.2 million during 
1993/94 Table 5.40 while the total energy consumption has also increased (by 40.76%) 
between 1989/90 and 1993/94. This, in the light of the fact that the input cost also has 
gone up by 29.1 %, indicates that the production levels have increased in this sector. 
However, some varying trends have been observed in different types of industries within 
this sector. The major contributors of NVA in 1989/90 were 3330 (with a share of 
54.12%) and 3340 (brass manufacturing with a share of 26%) and 3370 (with a share of 
18.55%). The major contributors of NVA in 1993/94 are 3330 (with a share of 88.38%) in 
which the NVA has increased by 155%, and 3309 (with a share of 9.13%) in which the 
NVA has increased by about 960%, while the share of brass manufacturing and casting of 
metals has comedown considerably. 

The large increase in NVA (55.65%) and a slight increase in NVA/Input cost ratio 
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(which has increased from 0.138 to 0.166) is mainly due to increased production levels 
and also could be attributed to some structural changes and energy efficiency 
improvements, which is evident from the following facts; the gross value of plant and 
machinery has increased by about 13.54”o with a value of 16.5 million in 1993/94. The 
energy intensity in this industry also has reduced from 0.0834 toe/thousand rupees in 
1989/90 to 0.0754 toe/thousand rupees in 1993/94. The major investments in the plant and 
machinery have been in industries 3330 (for which the plant and machinery cost has 
increased by 40.7%) and 3340 (for which the plant and machinery cost has increased by 
67.9'!,',) while for the metal casting industry it has reduced considerably (by 306‘h)). The 
energy intensities also have shown varying trends, but the overall trend in the industry 
showed a decline. Coming to the details, in the industry 3309 the energy intensity has 
increased from 0.1951 in 1989/90 to 0.4176 toe/thousand rupees in 1993/94 (a 114.08% 
increase), in 3330 the energy intensity has reduced from 0.0810 to 0.0369 toe/thousand 
rupees (a 54.43% decrease), in 3340 (brass manufacturing) the energy intensity has 
increased from 0.011 to 0.1152 toe/thousand rupees (a 948% increase) as can be seen in 
Figure 5.41. This indicates that the structural changes have essentially taken place in 
industries 3330 and 3340 while the energy efficiency improvements have taken place 
mainly in industry 3330. 


Change in Energy Intensity (") 



Figure 5.41. Changes in energy intensity of industry 33 
during 1989/90 and 1993/94 

While the total energy consumption has increased by about 29%o (with 5066 toe 
consumption in 1993/94), the energy mix has undergone considerable changes during this 
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period Table 5.41. There has been a major decline in coal consumption (32.04% to 
5.28%), increase in electricity purchased (20.43% to 40.70%) and a slight increase in oil 
consumption (47.53% to 54.02%). However, different types of industries in this sector 
have shown varying shifting trends in energy mix as described here. But, in physical 
quantities, the fuel shifts have shown a clear trend from coal to electricity and/or oil. 
Industry 3309 and 3330 are the only two major energy consuming industries with a total 
share of 94% of the total energy consumed (5066 toe in 1993/94). The energy mix in 
industry 3309 has not undergone any change as observed, but in 3330, while there was no 
considerable use of coal and the oil share has reduced from 68.74% to 58.73 with a 
simultaneous increase in the share of electricity purchased from 31.26% to 40.15%. 

From the energy consumption study of this sector it is interesting to learn that, the 
increasing trend in NVA, decreasing trend in energy intensity coupled with the shifts in 
energy mix from coal to electricity coupled with energy efficiency improvements, are good 
indicators of the industry’s environmental performance which is expected to result in 
improved environmental conditions. 

TSP from coal combustion is the main pollutant emitted from these industries 
besides SO,, and NO,^ emitted from both coal and oil combustion. Estimated annual 
emissions of TSP were found to be of the order 149 tonnes, SOj were of the order 55 
tonnes and NO,^ 65 tonnes in 1993/94 Table 5.42. Between 1989/90 and 1993/94, the TSP 
emissions have come down by about 76%, SO 2 , and NO^ emissions have increased by 
62”'o, and 77% respectively. The major changes which have taken place in the fuel mix 
during this period, especially the shift of fuel use from coal to oil and electricity could be 
attnbuted to the reduced TSP and increased emission of the remaining pollutants. This 
trend is certainly seen as positive and very good from the point of view of the reduced 
contnbution of pollution emissions to the city’s atmosphere and improving environmental 
performance of the industry. 
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5.3,1.5. Rubber, plastic, petroleum and coal products; processing of nuclear 
fuels 

Manufacture of Rubber, plastic, petroleum and coal products (NIC code 31) is the major 
industry in Delhi with o\er 359 industries in operation during 1993/94. The various types 
of industries (NIC 4 digit level) under this category existing in Delhi arc as follows; 


Industry Code 

Type of industry 

3100 

Tyre tube industries 

3111 

Manufacturing of rubber footwear 

3112 

Manufacturing of plastic and PVC footwear 

3113 

ManufaciLiring of canvas-cum-rubber/plastic footwear 

3121 

Manufacturing ot rubber plates, sheets, strips, rods, pipes, etc. 

3129 

Manufactuiint» ot other rubber products 


The detailed anai\sis has revealed that there was a ver\' major increase (by almost 
40 times) in NVA (with an increase of 3962^0) in this industiy' with a NVA of 3940 
million rupees in 1993 ‘■'^4 Table 5.43 whereas the total energy consumption has 
approximately doubled i.e.. increased by 92.97% (11915 toe in 1993/94), This huge 
increase in the NVA is mainly due to the sudden spur in the NVA from the NIC 4 digit 
industry 3129 in which there was an increase of 32674% in its NVA between 1989/90 and 
1993/94 Excluding industr}' 3129, the NVA in industry 31 has considerably increased 
(I e.. more than doublea wnh an increase of 110%), while the increase in energy 
consumption is over 90^i. which doesn't change much even after excluding the share of 
industry 3129 in winch the energy consumption has actually reduced by about 50°o. 
Excluding 3129. the major contnbutors to the NVA in this industry (in 1993/94 also) 
continue to be 3100 with a share of 26.6%, 3111 with a share of 17 S%, and 3113 with a 
share of 44 4°o. 

The increase in NT'A (3692% including industry 3129 and 110% excluding 3129), 
coupled with increase :n .NV.Ainput cost ratio which has increased from 0.198 in 1989/90 
to 2.554 (including industry 3129) indicates that the industry has undergone structural 
changes particularly in the form of shift towards value added products. The NVA/input 
cost ration decreased to 0.132 when excluded 4 digit industry 3129 in 1993/94, this 
coupled with the increase in NVA and in the light of huge increase in the input cost 
(215.3%) and gross value of plant and machinery (64%) indicate that there have been 
some structural changes including technological improvements. There has been, 
particularly, increase in plant and machinery cost in industries 3111 (42.18%) and 3113 
{354.S2?'i)) while in other major contnbutors on NVA, there has been no significant 
change, excluding 3129 for which the plant and machinery has gone down by 71,8%. This 
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is reflected in the reduced energy intensity (reduced from 0.0637 to 0.0030 toe/thousand 
rupees when included industry 3129, 0.0585 when excluded industry 3129). However, 
some changes (increase or decrease) in the energy intensity of the industries which are the 
major contributors to value addition have been observed, which on the whole have resulted 
in a reduced energy intensity of this industry. Viz., the energy intensity in 3129 has 
reduced by 99.85%, in 3100 has increased by 38.52%, in 3111 has reduced by 14%, in 
3113 has increased by 46.4% Figure 5.42. 


Change in Energy Intensity (X) 



Figure 5.42. Changes in energy intensity of industry 31 
during 1989/90 & 1993/94 

WTiile there has been a considerable increase in total energy consumption (92.97%), 
the energy mix has also undergone some changes in terms of shift from coal to oil in the 
overall industry' during 1989/90 and 1993/94 when the coal share has decreased from 
55 62% to 33.53%, the oil share has increased from 16.06% to 40.84% while the share of 
electricity has marginally decreased from 28.30% to 25.63% Table 5.44. A detailed 
analysis of the energy mix trends within the industries in this sector showed that, the coal 
share has decreased (and the share of oil has increased or decreased in some cases) in all 
the major contributors to NVA in this sector viz., in 3111, the coal share has reduced from 
52.43% to 11.36% and the share of oil has increased from 20.18% to 61.44% while the 
share of electricity purchased has remained at 27.2%; in 3113 the coal share has reduced 
from 50.S3‘’/n to 25.39% and the share of oil has increased from 18.56% to 47.92% while 
the share of electricity purchased has decreased marginally from 30.61% to 26.69%, in 
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case of 3129, the coal share of reduced from 73.41% to 32.10/O and the share of oil has 
increased from 5.51% to 50% while the share of electricity purchased has marginally 
decreased from 21.07% to 17.90%. 

The main obscr\-ation from the energy consumption analysis is that, the increasing 
trend in NVA and the decreasing trend in energy intensity coupled with the trends in shifts 
of fuels from coal to oil or electricity are good indicators of better performance of the 
industry from environmental point of view along with energy efficiency improvements, 
winch all together indicate encouraging growth trends of the industry heading for 
technological improvements through structural changes. 

The emissions from this sector have been estimated using appropriate emission 
factors and it was found that the TSP from coal combustion is the main pollutant emitted 
from these industries besides SO,, NO^ and CO from both coal and oil combustion. 

Annual emissions of TSP were found to be of the order 2137 tomies, SO, were of the 
order 1S2 tonnes, NO^ 206 tonnes and CO 21 tonnes in 1993/94 Table 5.45. Between 
1989 90 and 1993/94, the TSP, SO,, NO, and CO emissions have increased by 17%, 

123'’o, 138% and 112“o respectively. The changes in the fuel mix during this period, 
especially the shift of fuel use from coal to oil and electricity could be attributed to the 
reduced TSP and increased emission of the remaining pollutants. This trend is certainly 
seen as positive and good from the point of view of the reduced conrnbution of pollution 
emissions to the city's atmosphere and improving environmental performance of the 
mdiisiry. 
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Table 5.45. Fuel-wise contribution of emissions from industry 31 in Delhi 


Pollutant 

Coal 

Natural Gas 

Oil 

Total 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

TSP 

1822 

2120 

0 

0 

4 

17 

1826 

2137 

SO; 

53 

62 

0 

0 

28 

120 

81 

182 

CO 

7 

8 

0 

0 

3 

13 

10 

21 

HC 

4 

4 

0 

0 

1 

3 

4 

7 

NO, 

53 

61 

0 

0 

34 

145 

87 

206 


5.3.1.6. Non-metallic mineral products 

Manufacture of non-metallic mineral products (NIC code 32), though is not a major 
industry in Delhi, there are over 67 industries in operation during 1993/94. The various 
types of industries (NIC 4 digit level) under this category existing in Delhi are as follows; 


Industry Code 

Tvpe of industry 

3219 

Manufacturing of other glassware/ glass products 

3292 

Manufacturing of concrete tiles 

3293 

Manufacturing of hum pipes and other pre*fabricated 


structural components 


In this industry, during 1989/90 and 1993/94, there was a marginal increase in the 
NVA (10.23%) with a NVA of 46.1 million rupees in 1993/94 compared to the increase in 
total energy consumption (53.13%) in this sector Table 5.46. The major contributor to 
NVA continues to be the industry 3293 with a lions share of 88% in 1993/94 while the 
industry 3219 contribute about 9% NVA. The increase in NVA in this sector is largely 
because of the increase in the 4 digit industries 3219 (125.38% amounting to 23.2 million 
rupees) and 3293 (5.82°''o amounting to 22.3 million rupees) while the energy consumption 
in these industries has increased respectively by 532.1% and 12.1%. This indicates that the 

production levels have been increased in this industry. 

The increase in NVA and the increase in NVA/input cost ratio (which has increased 
from 0 215 to 0.314) mainly leads to the conclusion that there has been some structural 
change in the form of technological improvements. This is also evident from the 
decreasing input costs in this sector (reduced by 23.16%) which is of the order 62.3/o 
reduction in the industry 3219 and 16.51% in the industry 3293, Further, the energy 
intensities in this sector have shown an increasing trend with an increase of 39/o in the 
overall sector, while in industry 3219 it was of the order 180.5%, in 3293 it was of the 
order 6% Figure 5.43. 
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Change jn Energy Inlenaily (T.) 



Figure 5.43. Changes in energy intensity of industry 32 
during 1989/90 & 1993/94 


While there has been a marginal increase in the total energy consumed (10.23?'o), 
there has been a slight shift m the energy mix with a small increase in coal (from 45.76% 
to 49.3'!o) and oil consumption share (from 32.42% to 38.76%) and a small decrease in the 
share of the electricity purchased (from 21.S2%o to 12°'o) as can be seen in Table 5.47. 
These trends continued in the 4 digit level mdustnes also, particularly in case of the major 
contnbutors to value addition which also happen to consume energy in similar proportions. 
In case of industry 3219. the share of oil has increased from 51.52% to 94.94% while the 
share of electricity decreased from 48.48% to 5.06%; in case of industry 3293, the share 
ot coal increased from 52.39% to 7T 09%, the share of electricity reduced from 19.42%o to 
13 and the share of oil too reduced from 28.19% to 9.05%. However, the increase in 
coal consumption could also be attributed to the growth in the number of coal consuming 
industries, thus resulting in changes in the overall energy mix. 

The energy consumption anal>’sis of this sector has revealed that, the marginal 
increase in NVA, increase in energy intensities coupled with the shifts in energy mix. 
particularly increase in coal consumption is not good a indicator of the environmental 
pertormance of the sector which might have negative implications on the environment. 

The emissions from this sector have been estimated. TSP from coal combustion is 
the mam pollutant emitted from these industries besules SOi and NO,^ in small quantities 
from both coal and oil combustion. Annual emission.i of TSP were found to be of the 
order 363 tonnes, SO, were of the order 24 tonnes and NO^ 27 tonnes in 1993/94 Table 
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5.48. Between 1989/90 and 1993/94, the emissions of TSP, SO 2 , and NO, have increased 
by 66%, 153%, and 166% respectively. The changes in the fuel mix during this period, 
especially the decreased consumption of coal and shift of fuel use from electricity to oil 
could be attributed to the resultant reduction in TSP and increased emission of the 
remaining pollutants. This trend is not encouraging from the point of view that it is not 
going to greatly contribute to the improved environmental status of the city. 
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Table 5.47. Total energy consLimplion and percentage shares of various fuels in sector 32 (manufacture of non-metallic mineral products) in 
Delhi during 1989/90 and 1993/94 

_____ (Energy consumption in tonnes of oil equiva lent) 

Indiibtry Typo of loctustry Coiil Nflturiil gris Oil Elfictncity purchitsed 

_ 1 Qfl^)/00 _ 199V<>4 1989/90 _ 199 3/94 _1 989/90_1 99 3/94 1989/90 1993/94 
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Table 5.48. Fuel-wise contribution of emissions from industry 32 in Delhi 



Co.il 

N.itiirnl C.is 

Oil 


Totnl 

Pollur.int 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 1993/94 

TSP 

219 

. 361 

0 

0 

0 

2 

219 363 

SO, 

6 

11 

0 

0 

3 

13 

9 24 

CO 

1 

1 

0 

0 

0 

1 

1 3 

HC 

0 

1 

0 

0 

0 

0 

0 1 

NO 


10 

0 

0 

4 

16 

10 27 


5.3.1.7. Man-made fibers 

iVlaiuilaclurc of man-made llbrcs (NIC code 24) is not a major industr>' in Delhi, and there 
arc only about 21 industries in operation during 1993/94. The various types of industries 
(NIC 4 digit level) under this categoiy existing in Delhi are as follows; 


Inrlu^trv Code 

Tvpe ot indubtrv 

2410 

Bleaching and dyeing or woolen textiles 

2460 

Bleaching and dyeing of silk textiles 

2471 

Spinning or staple fibers in inills 


There is a slight decline in the NVA (21%) with a value addition of 18.7 million 
rupees in 1993/94. while the total energy consumption has increased considerably (by 
S3 9N)) during the same penod Table 5.49. There is a similar decline in NVA of the major 
NVA contributing indusines viz., 2471 whose share of NVA is of the order 86.14°/o and 
the NVA has declined by 20.66% in 1993/94, 2460 whose share of NVA is 14% and the 
NVA has declined by lS.9l%o. 

The decrease in N\'A (21%), the decrease in NVA/dnput cost ratio (which has gone 
down from 0 243 to 0.193), and the input cost which remained almost at the same le\'el 
(96.9 million rupees in 1993/94), indicates that there has been some decline in the 
perfomiance of the industr/ When analysed the 4 digit level industries, the NVA input 
cost ratio has gone up from 0.349 to 0.619 in case of industry 2460 while it has decreased 
trom 0 232 to 0.179 in case ot industry' 2471. .At the same time, interestingly, the gross 
value of plant and machinery has increased considerably in this industry (by 520%). This 
total increase is mainly due to the increase in plant and machinery cost of industry 2471 
for which the plant and machinery cost was -0.218 million rupees in 1989/90 which has 
increased to 8.91 million rupees in 1993/94. The energy intensity in this sector has, 
however, increased considerably (by 132.65%) with energy intensity of 0.1191 
toe/thousand rupees. An important observation is that in the industry 2471, which happens 
to contribute heavily to the NVA, there has been an increase of 235.52% in the energy 
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intensity with a value of 0.0655 toe/thousand rupees Figure 5.44. And in case of industry 
2460, the energy intensity has increased by over 100% with a value of 0.1624 toe/thousand 
rupees in 1993/94. This indicates that there have been some structural changes in the form 
of technological improvements. 


Change in Energy Intensity [%) 


250 


235 52 


132 55 




24 


Figure 5.44. Changes in energy intensity of industry 24 
during 1989/90 & 1993/94 

While the energy consumption has increased considerably (by 83.87%) with a total 
energy consumption of 2227 toe in 1993/94, the energy mix has undergone some minor 
changes with a decline in coal share and increase in oil and electricity shares. There has 
been a slight decline in the share of coal from 84.27% to 63.13% and a slight increase in 
the share of oil from 8.37% to 22.39% and an increase in the share of electricity 
purchased from 7.36°/o to 14.49%. The details of fuel shares in 4 digit level industries also 
follow the same trends which is evident from Table 5.50 the following; there is a major 
decline in coal share from 63.18% to 31.49% in industry 2471 in which the oil share has 
increased from 20.24% to 44.12% and the share of electricity has increased from 16.57% 
to 24.38%; in industry 2460 and 2430, the fuel shares have remained almost at the same 
levels with insignificant changes. The changes in energy mix in industry 2471 might be a 
result of technological inteiv'entions, which is evident from the increased plant and 
machinery cost, how'ever, what remains unclear is the fact that despite technological 
interventions, there has been no significant change in the energy intensity. 

The energy consumption analysis has revealed that, the increasing trend in the 
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energy intensity and the decreasing trend in the net value added coupled with the 
increasing trend in the overall energy consumption are not good indicators of the 
performance of the industiy' leading to negative environmental implications. 

TSP from coal combustion is the main pollutant emitted from these industries 
besides SOj and NO, from both coal and oil combustion. Estimated annual emissions of 
TSP were found to be of the order 747 tonnes (mainly from coal combustion), SO, were 
of the order 28 tonnes and NO, 29 tonnes in 1993/94, Between 19S9/90 and 1993/94, the 
cmi.ssions of TSP, SO,, and NO, ha\e increased by 38%, 49%, and il'lo respectively. The 
changes in the fuel mix during this period, especially the decreased consumption of coal 
and shift of fuci use from electricity to oil could be attributed to the resultant reduction in 
TSP and increased emission of the remaining pollutants. This trend is not encouraging 
from the point of view that it is not going to greatly contribute to the improved 
environmental status of the city. 
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Tabic 5.51. Fuel-wise contribution of emissions from industry 24 in Delhi 



COiil 


Ndtural Gas 


Oil 


Total 


Pollutant' 

1989/90 1993-94 

1989/90 1993/94 1989/90 

1993/94 

1989/90 1993/94 

TSP 

542 

746 

0 

0 

0 

1 

542 

747 

SO, 

16 

22 

0 

0 

3 

6 

19 . 

28 

CO 

2 

3 

0 

0 

0 

1 

2 

4 

HC 

I 

1 

0 

0 

0 

0 

1 

2 

NO 

16 

11 

0 

0 

3 

7 

19 

29 


5.3.1.8. Paper and paper products 

Maiuifacturc of paper and paper products (NIC code 28) industry is also one of the major 
industry in Delhi with over 355 industries in operation during 1993,'94. The various t\pes 
of industries (NIC 4 digit level) under this category existing in Delhi are as follows; 


Indiibitrv Code 

T\ pe or indirstrv' 

2810 

MaoLifactLire ot containers and boxes 

2840 

Printing and publishing of newspapers 

2850 

Printing and publishing of periodicals, books 


It is interesting to note from the analysis that there is some increase in the OTA 
(27"i)) during 19S9 90 and 1993/94 with a NVA of 557.3 million rupees in 1993/94 while 
the energy consumption has increased considerably (by bl.ll^o) in the same period Table 
5 52. There was a significant increase in the OTA of industr}' 2S40 by bS.19% while there 
has been some decline foi' the order 45.611^0) in the NVA of industry 2850, while both 
these industries contribute major share of OTA in this sector (Sl.6% by 2840 and 15.1% 
by 2850 in 1993-94). 

The increase in NAA coupled with marginal increase in NVA input cost ratio 
(which has gone up from 0.502 to 0.547), mainly leads to the conclusion that there have 
been some structural changes in this sector in the form of technological interventions. 

While the energy iniensir. in this industiy' has slightly increased by about 26.88% (with a 
value ot 0.0076 toe,thousand rupees m 1993 94, the plant and machinery cost also has 
increased by about 36% during the same period. However, it is important to note that the 
energy intensity has considerably decreased (by about 40.36%) with a value of 0.0031 
toc/thousand rupees in 1993/94 in industry 2840 which is the major contributor to OTA 
(vvitli a share of 81.6) in which the plant and machinery cost has increased marginally by 
18.27% keeping the input cost the same level in the period under investigation. At the 
same time, the energy intensity in industry 2850 has increased by about 366% with a value 
ot 0.02SI 111 1993/94 in which case the total energy consumption, input costs and gross 
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value of plant & machinery have increased by 153.4%, 93.23% and 103.8% respectively. 
While in case industry 2810 there has been a 32.8% increase in NVA, 55.6% increase in 
total energy and 17.16% increase in energy intensity, keeping the NVA/input cost ratio 
unchanged (with a value of 0.157 in 1993/94, This clearly indicates that the technological 
changes have taken place essentially in industry 2840 and 2810 in which the changes in 
energy intensity are marginal Figure 5.45. 

During 1989-90 and 1993-94 



Industry (NIC Code) 


Figure 5.45. Changes in energy intensity of industry 28 
during 1989/90 & 1993/94 

WOiile there has been a major increase (61.1%) in total energy consumption (from 
2645 toe to 4261 toe), the energy mix has almost remained unchanged with major 
dependence on electricity' and oil Table 5.53. la the industry 2840, the major contributor to 
value addition, the share of electricity has declined marginally from 81.62% to 75.73% 
while the share of oil has increased from 18.38 to 24.27%. In case of industry 2850, the 
share of electricity has increased from 54.71% to 60.18% while the share of oil has 
decreased from 43.7% to 39.6%. 

From the energy consumption analysis, it is interesting to note that, the increasing 
trend in NVA and increasing trend in energy intensity which are of the same order (26.9% 
increase) indicate that the technological interventions have no direct bearing on the energy 
consumption and the associated implications. 

The emissions from this sector have been estimated using appropriate emission 
factors and it was found that SO, from oil combustion is the main pollutant emitted from 
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these industries. Besides this, TSP and NO^ and CO are the other emissions from oil 
combustion. Annual emissions of TSP were found to be of the order 17 tonnes, SO-, were 
of the order 122 tonnes, NO^ 147 tonnes and CO 13 tonnes in 1993/94 Table 5.54, 
Between 1989/90 and 1993/94, the emissions of TSP, SO 2 , NO^ and CO have increased by 
1271%, 1272%, 1267% and 1266% respectively. Particularly the increase in SO 2 and NO^ 
arc very high causing concern. The increased number of industries seems to be the main 
cause of the increased emissions of the pollutants from the industries in this sector. 
However, this trend is not encouraging from the point of view that it is not going to 
greatly contribute to the improved environmental status of the city. 
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Table 5.54. Fuel-wise contribution of emissions from industry 28 in Delhi 



Coal 


Natural Gas 

Oil 


Total 


Pollutant 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

1989/90 

1993/94 

TSP 

0 

0 

0 

0 

1 

17 

1 

17 

SO, 

0 

0 

0 

0 

9 

122 

9 

122 

CO 

0 

0 

0 

0 

1 

13 

1 

13 

HC 

0 

0 

0 

0 

0 

3 

0 

3 

NO, 

0 

0 

0.04 

0.02 

n 

147 

11 

147 
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CHAPTER 6 


Summary and conclusions 


This Study has made an attempt to develop a methodological framework for analyzing the 
energy consumption pattern in the transport, power and manufacturing industrial sector in 
the four large Indian metropolitan cities viz., Delhi, Calcutta, Mumbai and Bangalore. The 
framework for analyzing the resultant emissions of CO, HC, NO^, SOj, TSP and Pb due to 
energy use in the three sectors has also been developed. The framework provided in this 
study represents a starting point for understanding the complex and related issues of 
energy use and emissions from each of the three sectors at the city level and can be 
applied to a spectrum of large cities in Asia. 

Secondary data has been collected, compiled and analyzed to understand the trends 
relating to the demographic, sectoral energy use and air quality characteristics in each of 
the four cities. In view of the proposed framework, information has been generated by 
analyzing the secondary data which is finally used to estimate the present and future 
energy consumption pattern and resultant emissions from each of the three sectors. In the 
transport sector the energy-environment analysis is carried out for all the four cities as the 
requisite data could be compiled at the city levels. While, in power sector, due to the non 
availability of any major power station located within Bangalore city limits, the analysis is 
restricted to Delhi, Calcutta and Mumbai. Similarly, in the case of industries, as the most 
disaggregated data is available at the state level, only the city of Delhi (which also is a 
State) is considered for the energy-environment analysis. Further, in industries the analysis 
is restricted to the top few energy intensive industries located within the city limit of 

Delhi. 

The study has also examined the reduction potential of energy use and emissions at 
the city level by analyzing a set of policy issues (as alternative scenarios) each of which 
are compared with the base line results. Base line refers to the business-as-usual (BAU) 
scenario, which is generally defined as the future is simply an extrapolation of more o 
the same" of the present m terms of technology and economic structures and based on the 
currently perceived incentives. For instance, in this study, BAU scenario in the transport 
sector IS defined as the present trends of growth in die vehicular registiatton m cities 
would continue, while the present average fuel efficiency norms, occupancy level or load 
factor and vehicle utilization pattern for different modes of transport will remain 
unchanged in the coming years. However, two mutually reinforcing transport policies as 
alternative scenarios are considered to try to reduce energy use in transport and vehicular 
pollution: (1) reduce urban congestion by say. strengthening mass transport facilities which 
would help in facilitating a shift from use of personalized vehicles to public buses, and (2) 
promote cleaner fuels (like introduction of compressed natural gas, or propane or even 
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battery operated vehicles) and engine technologies (like, phasing out of two-stroke which 
could be replaced with four stroke engines). Similar approach in defining the BAU and 
alternative scenarios arc considered in the power and industrial sector, discussed later in 
this chapter. 

6.1. Growth of cities and population density 

Over the last few decades, the cities e.\perienccd rapid expansion due to various economic 
activities. According to the last census report, the population in the four cities during 
1990/91 were Delhi 9.42 million, Calcutta 11.S6 million, Mumbai 9.93 million and 
Bangalore 4.09 million respectively. The compound average annual growth rate of 
population between 19S1 and 1991 was 4.24‘?o, 1.61%, 1.88% and 3.43‘)^o respectively. 
However, in the current decade (i.e., 1991-2001) it is expected that the coiiesponding 
growth rates would decline to 2.5%, 1.6%, l.S°o and 3.4% respectively. These are further 
e.xpected to decline to I.S‘’a, I.4%o, 1.6% and 3% respectively in the next decade. This 
indicates that population size of Delhi in 2010/11 would be over 14 million, which is over 
50% increase with respect to 1990/91 level. The corresponding figures for Calcutta, 
Mumbai and Bangalore are about 16 million (35% increase with the 1990/91 le\'ei), 14 
million (40% increase) and S million (87% increase) respectively. 

The average population density of Delhi, Calcutta metropolitan area (in short 
Calcutta), Mumbai metropolitan region and Bangalore in 1990/91 is estimated to be 6352, 
S594. 3463 and 9212 persons per square kilometre. While, the average population densities 
m Calcutta city and Greater Mumbai (in short Mumbai) centres are relatively ver\' high 
1 e., 23670 and 33100 persons per square kilometre in 1990/91. 

Given below is a siimmarv' of major findings and some policy recommendations 
directed towards ameliorating the air pollution in cities. 

6.2. Transport sector 

6.2.7. Growth and composition of registered vehicles 

With over 2.4 million registered vehicles in Delhi as on 30th March 1995, the city has the 
largest vehicle population in the country even though it ranks third in the list of megacities 
in the country' after Mumbai and Calcutta. It is interesting to note that the vehicle 
population ot Mumbai (0 67 million), Calcutta (0.56 million) and Bangalore (0.8 million) 
taken together accounts for 2.03 million vehicles which is even less than the vehicle 
population of Delhi alone during 1994/95. 

The annual registration of motor vehicles in the four cities went up at an average 
growth rate ot 11.2% in Delhi, 7% Calcutta, 4.5% in Mumbai and 11.1% in Bangalore 
between 1984/85 and 1990/91. But, these growth rates declined between 1990/91 and 
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1994/95 to 7.8%, 4.2%, 1.5% and 8.4% in Delhi, Calcutta, Mumbai and Bangalore 
respectively. In absence of a convenient and well connected public mass transport system 
in the four cities, the growth of personal modes like scooters, motorcycles and cars have 
grown rapidly. The autorickshaw as the intermediate public transport system has also 
grown very rapidly in late 1980s mainly in Calcutta and Bangalore. In 1994/95, the share 
of scooters and motorcycles together accounted for 75% of the total registered vehicles in 
Bangalore, 70% in Delhi, while in Calcutta and Mumbai its share accounted for 44% and 
42% respectively. During the same period, the share of car and jeep taken together was 
37% in Calcutta, 35% in Mumbai, 25% in Delhi and 14% in Bangalore. This means that 
the share of personalized modes in the four cities was highest in Delhi at 95% and least in 
Mumbai at 77% during 1994/95. Unfortunately, the share of public mass transport (that of 
a bus) has been declining in Delhi and Bangalore with its current share only around 1%, 
while in Calcutta and Mumbai, its share has been increasing with current share being 2.4% 
and 1.8% respectively. As far as goods vehicles are concerned their share has been 
declining in the total fleet size in each of the four cities. In 1994/95, its share was 5.14% 
in Delhi, 8.29% in Calcutta, 6.18% in Mumbai and 4.8% in Bangalore respectively. 


6 . 2 . 2 . Vehicle projections with attrition factor 

Without altered policies and assuming an attrition factor (or vintage value) of 15 years for 
a scooter and motorcycle, 20 years for an autorickshaw, 25 years for a car, taxi and jeep, 
and 10 years for a bus, it is estimated that Delhi is expected to have 2.4 million passenger 
vehicles plying on Delhi roads in 2000/01 and 2.8 million in 2010/11. The corresponding 
figures for Calcutta are 0.44 million and 0.53 million, Mumbai 0.42 million and 0.73 
million; Bangalore 0.65 millon and 0.97 million respectively. In other words, number of 
motorized passenger vehicles - with assumed attrition factor for different types of modes - 
,s expected to increase by 40% in Delhi, 19% in Calcutta, 77% in Mumbai and 49% in 
Bangalore between 1995/96 and 2010/11. 

6 . 2 . 3 . Ownership pattern of vehicles 

Arerage ownership of private vehicles in Delhi was found out to be the maximum with 
178 vehicles per 1000 persons in 1995/96. Bangalore followed the list with 127, Calcutta 
and Mumbai each with 31 vehicles per 1000 persons. 


6 . 2 . 4 . Passenger travel demand 

The total passenger travel demand in Delhi is estimated to increase over 3 fold - from 
about 47 billion passenger kilometre (bpkm) in 1990/91 to 143 bpkm m 2010/11. In 
Calcutta, with passenger travel demand in 1990/91 about 12 bpkm, is estimated to increase 
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over 1.3 times by 2010/11. In Mumbai, the increase would be over double between 
1990/91 (16 bpkni) and 2010/11. While in Bangalore, the increase would be nearly 4 times 
- from 14 bpkm in 1990/91 to 54 bpkm in 2010/11. With only around 1 to 2% of the total 
fleet size being bus in the four cities, it currently caters to over 53°/'o of the total travel 
demand in Delhi, 32% in Calcutta, 67% in Bangalore and 80% in Mumbai respectively. 

By the year 2010/11, the travel demand share by buses arc expected to increase to 66% in 
Dellii, while that in-Calcutta and Bangalore its share would decline to 26‘)o and 59% 
respectively. In Mumbai, the share of travel demand by bus is assumed to remain at the 
current level. 

6 . 2 . 5 . Framework for analysis 

A simple transport model has been formulated using a computer based software called - 
Long Range Energy Alternatives Planning (LEAP) and the associated En\'ironmental 
Database. LEAP is an energy-environment planning system developed by the Stoclcliolm 
Environment Institute, Boston. LEAP is an accounting framework within which the user 
can create models of demand and supply. The central concept of LE^AP is an end-use 
driven scenario analysis. In this model, the computer system is used to analyze the current 
energy scene and to simulate alternative energy futures along with emissions under a range 
of user-defined assumptions. 

The driving forces considered m LE.AP for analyzing energy demand are growth in 
registration of motor v^ehicles adjusted with assumed attntion factors or Mntage, 
penetration of different technologies, average utilization, occupancy or load factor and 
operating energy intensit}' The resultant mass emissions of CO, HC, NO^, SO 2 , TSP and 
Pb are estimated using LE.AP by multiplying energy consumption by different modes — 
fuither broken down into technologies - and their corresponding emission factors. Five 
reference years viz.. 1990 91. 1995/96. 2000/01, 2005/06 and 2010/11 are considered for 
analysis. 

6.2.5.1. Total and per capita energy demand 

Demand of gasoline and diesel for transportation of personal and goods mobility would 
increase 2.5 times in Delhi in the BAU scenario - from 0.69 million tonnes of oil 
equivalent (mtoe) in 1990/91 to 1.69 mtoe in 2010/11. Interestingly, the total oil demand 
(or transportation in the other three cities taken together is around the same level as that of 
Delhi alone. In 1990/91, the gasoline and diesel consumption in Calcutta, Mumbai and 
Bangalore was 0.27 mtoe, 0.35 mtoe and 0.18 mtoe respectively. By 2010/11, the 
estimated increase would be 1.3 times, 2.1 times and 3.7 times in Calcutta, Mumbai and 
Bangalore respectively. 
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Delhi recorded the highest per capita oil demand for personal mobility followed by 
Bangalore, Mumbai and least in Calcutta. Annual per capita oil demand is estimated to 
increase from about 64 kgoe in 1990/91 to 112 kgoe in 2010/11. In Mumbai, the increase 
would be from 33 to 51 kgoe, Bangalore from 41 to 86 kgoe during the same 20 year 
period. While in Calcutta, the annual per capita fuel requirement would remain around 21 
kgoe. Also, without altered policies, there is observed to be a greater dependence on diesel 
compared to gasoline in the transport sector in coming years. Due to the high price 
differential between price of diesel (around Rs 11 per litre) and gasoline (Rs 24 per litre), 
people are increasingly showing preference for diesel based passenger cars/jeeps. 

6.2.5.2. Emissions 

Delhi recorded the highest level of pollution loading of CO, HC, NO^, SOi, TSP and Pb 
relative to the other cities. 

CO emission factor of gasoline vehicles are higher compared to diesel. Annual 
emission of CO in Delhi was 177740 tonnes (t) in 1995/96, which was 2S% higher than in 
1990^91 and in the next fifteen years, it would increase by 16%. Annual CO emissions in 
the other three cities is almost three and a half times less than that of Delhi in 1995/96. 
With very poor combustion efficiencies in two-stroke scooters, motorcycles and 
autorickshaws, they nearly contributed in 1995/96 nearly 55%, 44%, 50°'o and 67% of total 
CO emissions in Delhi, Calcutta, Mumbai and Bangalore respectively. Contribution by two 
wheelers would further go up to 58%, 64%, 62% and 85% during 2010/11. With the 
country’s liberalization policy, the penetration of new technology cars started in 1995, 
which IS coupled with the introduction of catalytic convertor in cars from April 1, 1995 in 
Delhi, Calcutta and Mumbai. These have resulted in drop in share of CO emissions from 
cars between 1995/96 to 2010/11. Share of CO emissions is likely to decrease from 39% 
to 27% in Delhi, 53% to 33% in Calcutta, 32% to 17% in Mumbai and 22% to 8% in 
Bangalore during the fifteen year period. Except in Bangalore, all other cities are likely to 
have increasing share of CO contribution by bus. 

Emission factor of HC from gasoline vehicles are higher compared to diesel. 

Annual emission of HC in Delhi was 71450t, which is 30% higher than the present level 
and is expected to increase further to 17% by 2010/11. Like CO emission, HC emission in 
the three other cities is also three and a half times less than that of Delhi in 1995/96. With 
almost 20-40% of the fuel supplied to two stroke engines are exhausted without being 
combusted, would lead to over 80% contribution of HC emission by scooters, motorcycles 
and autorickshaws in Delhi during 1995/96. The corresponding values for Calcutta, 

Mumbai and Bangalore are 71%, 76% and 86% respectively. By 2010/11, two stroke 
engine driven vehicles will contribute 84%, 85%, 85% and 95% HC emission in Delhi, 
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Calcutta, Mumbai and Bangalore respectively. 

Diesel driven vehicles emit more NO^ compared to gasoline. Emission rate of NO, 
is estimated to be the highest (S3000 t in 1995/96) in Calcutta and would continue to 
remain around the same le\cl in the coming years. However in Delhi, annual NO, 
omission is 43930t, which is 32% higher compared to the 1990/91 level and would 
increase by yO'lo by 2010 11. Similarly, in Mumbai the 1995/90 emission loading was 
2I550t, which is 1S% more compared to 1990/91 and 69% by 2010/11. In Bangalore, the 
cmis.sion level is 131001 during 1995-90 which is 72 % higher compared to the 1990/91 
level but this would decline to 63‘h'i by 2010/11. Buses contribute nearly 65%, 33%, 83% 
and of NO, emission in Delhi, Calcutta, Mumbai and Bangalore respectively. 

Contribution of SO> emission is higher in diesel vehicles compare to gasoline. 
Highest emission (51S0t) of SO, is observed in Delhi during 1995/90, followed by 
Mumbai 3]00t, Calcutta I550t and Bangalore 1840t respectively. With respect to the 
1990/91 loading, SO, emission in Delhi, Mumbai, Calcutta and Bangalore in 1995/96 was 
35‘!o, 28%, 8%, 72%) more. These would increase further to ll6°/o. 86%, 45% and 114% 
respectively by 2010/11 . 

Diesel vehicles emit significant TSP compared to the gasoline ones. Delhi recorded 
the highest level of emission loading in 1995/96 (9440t). This is 34% higher compared to 
the 1990/91 level and it is further going to increase to 51% by 2010/11. Mumbai and 
Bangalore had the same TSP level of 3050t in 1995/96. The rate of increase of TSP 
emission in Bangalore would be very significant (around 135%) compared to Mumbai by 
2010/11. Buses w'oiild contnbiite as high as 45% emission of TSP in Mumbai. While 
around one third of the TSP share would be contributed by buses in Delhi and Bangalore. 
In the case of Calcutta, oniv around 9 % of the emission share is ciirrentlv contributed bv 

- - I 

buses and is e.xpected to decline marginally to 8% by 2010/11, 

Pb IS only emitted b> gasoline vehicles. Delhi recorded the highest loading (102t) 
of Pb in 1995 96. which is 30%) higher compared to 1990/91 but would decrease after 
200(1 01 steadily with the gradual lead phase out programme introduced in the country. 
-Annual Pb emission in 1995 96 in Calcutta, Mumbai and Bangalore was 3It, 26t and 25t 
respectn'eiN and would decline steadily with lead phase out programme. 

6.2.6. Abatement strategies and reduction potential 

Tlie study has illustrated rhe effect of two much discussed transport policy issues: - (i) 
reducing urban congestion by facilitating a shift towards use of flexible public transport 
(bus) detlned as scenario 1 and (li) gradual introduc'ion of clean technologies and alternate 
fuel veliicles - for reducing the potential energy demand and emission defined as scenario 
2. These two scenario results are analyzed with respect to the BAU scenario results to 
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determine the physical benefits in terms oil savings and reduction in emissions. 

Scenario 1 in 2010/11 assumes: (a) 80% of the total travel demand would be 
catered by bus in all the four cities compared to 66%, 26%, 59®o and SO'l'o in the BAU 
scenario, and (b) dependence on personalized vehicles would drop. While scenario 2 in the 
next decade (2001-2011) assumes: (a) a greater penetration of 4-stroke technologies in the 
four cities, (b) introduction of compressed natural gas based cars, taxis and buses; propane 
based autorickshaws; and battery operated autorickshaws, cars and buses, and (c) phasing 
out of leaded gasoline from the cities. 

Potential for energy savings during 2010/11 is over 55% in Calcutta if the 
recommendations of scenario 1 and 2 are in place. While in Bangalore, Delhi and Mumbai 
the savings potential are 24%, 22% and 15% respectively. This means with more buses 
and introduction of clean fuel and technology, per capita energy savings during 2010/11 
would be 25 kgoe in Delhi, 21 kgoe in Bangalore, 12 kgoe in Calcutta and 8 kgoe in 

Mumbai. 

With more buses and cleaner fuel and technology in 2010/11, potential for CO 
reduction with respect to the BAU case is found out to be the maximum in Calcutta 74% 
and least in Mumbai 2S%. Further, in Delhi and Calcutta, CO emission level in 2010/11 
would be lower than the 1995/96 loading level, but in Mumbai and Bangalore, it would be 
marginally higher. Similarly, HC reduction potential is the highest in Calcutta 80% and the 
least m Mumbai 28% in 2010/11. HC emissions in Delhi and Calcutta dunng 2010/11 is 
lower than its 1995/96 level, while in Mumbai and Bangalore it is higher by 13% and 9% 
respectively. NO, emissions with more buses and cleaner fuel and technology compared to 
the BAU scenario in 2010/11 would reduce by 15% in Delhi, 22% in Mumbai, 16% m 
Bangalore. While in Calcutta NO, emissions level would mcrease by 12%. SO, emission 
reduction potential is 46% in Calcutta. 27% in Mumbai, 24% in Delhi but would increase 
by 5% in Bangalore. Reduction potential of TSP is highest in Calcutta 59%, Delhi 37%, 
Bangalore 34% and Mumbai 21% respectively. Reduction potential of Pb is considerable 
m 2010/11 compared to the BAU scenario in all the four cities with Delhi 60%, Calcutta 

83%, Mumbai 31% and Bangalore 73% respectively. 

The current air quality strategy in developed economies is based pnmanly on a 
search for technological fix, which is a transport supply side management option. 

However, in a rapidly growing developing economy like India, there are limitations to a 
strategy focused primanly on affecting automotive technology. With growing traffic 
congestion and inadequate investment in road development, transport demand side 
management oplions are critical and needs to be more vigorously used than at present, 
liaving usually failed due to: lack of public transport alternatives, lack of staff for design 
and enforcement; and political unwillingness to implement and enforce. It is desirable 
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therefore, to integrate the supply side interventions with demand management measures, if 
the ultimate objective is to secure improved levels of air quality. 

6 . 2 . 7 . Financial viability of alternate fuels 

On the basis of the ratio of net present value the cost of a CNG car compared to a petrol 
driven car the study rc\'eals that a CNG car is a financially attractive even with a very 
high discount rate of 15'’o with assumed life of ears to be more than 15 years. Similarly, a 
battery operated vehicle as compared to a petrol driven autorickshavv becomes fmaneially 
\ lahlc within 9 years but with a very low discount rate of 6%. 

High upfront costs of these two alternate type of technologies compared to the 
coinentional ones can be overcome by providing soft loan facilities to acquire the new 
range of technologies together with a set of fiscal disincentives for the use of conventional 
and inefncicnt technologies. 

6.3. Power sector 

6.3.1. Total and per capita electricity consumption 

Delhi is seen to have a much higher level of electricity requirement as compared to the 
other cities. In 198S/S9, .Vliimbai had the largest requirement (8651 GWh) followed by 
Delhi (7630 GWh) and Calcutta (5314 GWh). However, since 1991/92, Delhi has had the 
largest requirements and it is estimated that b\' 2001/02, its requirements would be nearly 
2 times that of Mumbai and about 3 times that of Calcutta. Over the period 1988/89 to 
1994-95, the requirement in Delhi has increased 3.5 times while the increase is about 1.7 
and 1.6 limes respecti^■ely for Calcutta and Mumbai. 

comparison of the intensity of power consumption (non-industrial) in the 3 cities 
re\ealed that Delhi has had the highest intensity followed by Mumbai and then Calcutta 
since 198S''S9. Moreover, the annual rate of growth of per capita consumption is also 
highest 111 Delhi (6.S°M as compared to Calcutta (1%) and Mumbai (2.8%) over the period 
1988/89 to 1994/95. In 1994/95, Delhi's per capita consumption is 2.2 times higher than 
Calcutta while it is 1.3 times that of Mumbai. 

6.3.2. Need for reliable power supply from grid 

The rapidly increasing electricity requirements trends in the cities indicate the need for 
directing concern towards enhancing the power supply situation to keep up with demands. 
With increased levels of power shortages in the country coupled with an unreliable power 
distribution network, the use of decentralized generating systems has seen a sudden spurt 
in activity over the last decade both in the residential as well as in the industrial & 
commercial sectors. At the city level, the diesel based gensets are a major source of air 
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pollution and especially detrimental to human health since they are run in congested 
commercial areas and residential complexes and emit NO,, SO, as well as TSP at the 
ground level apart from creating noise pollution. However, emissions from diesel 
generators could not be estimated due to lack of data on number of diesel generators in 
use and their utilization pattern. It is therefore necessary to minimise the use of gensets in 
the cities for which it is essential to ensure adequate power generation capacity as well as 
a reliable power distribution network. 

Planning for adequate power supply should include the making of accurate 
projections of demands, timely planning for capacity additions and improving the 
efficiency of the supply system by reducing T&D losses for bridging the demand-supply 
gap in the country. 

It is likely that the high consumption intensity in Delhi is partly due to the climatic 
conditions in the capital (hot and dry in summers and cold in winters) leading to the 
additional use of space conditioning devices in the city. But, the rapid increase in per 
capita consumption levels over the past decade in Delhi seems to suggest the play of other 
factors as well such as increasing levels of disposable incomes and a change towards 
energy intensive lifestyles among a significant fraction of the population. A rational 
electricity pricing structure should be set up in order to restrict high levels of consumption 
and to ensure adequate revenue generation for the utilities’ maintenance. 

6.3.3. Need for privatisation and reforms 

This study has not quantified the level of shortages and unmet demands in the cities, 
however, discussions with power suppliers in the cities has indicated that the extent of 
forced outages and grid failures is more frequent in Delhi than in Calcutta and Mumbai. 
This seems to indicate that the private licensees are better managed and have been able to 
plan for capacity enhancements as well as technological upgradation both in the generation 
as well as transmission of power. Calcutta is mainly a case in point where the power 
supply situation was extremely uncertain till the late 1970s. But, since the CESC took over 
generation as well as distnbution for the CMA, the situation has become quite reliable. In 
case of Mumbai as well, TEC has been able to consistently maintain a reliable power 
supply to its licensed area by planning for capacity enhancements, improving technologies 
used (and therefore efficiencies) and planning ahead for growth in demands. 

Even though this study provides a small sample for making a case, it does suggest 
that private licensees have been able to ensure a more reliable supply of electncity. 

Against this background, it may be worthwhile to cany out an in-depth assessment of the 
functioning of the private licensees versus the State Electricity Boards. Another option 
would be to strengthen the capabilities of the Centralized grid so that surplus power may 
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be transferred freely from one region to another. 

6.3.4. Share of local generation 

Analysis has revealed that the share of power requirement by the city which is met 
through purchases from the neighboring regions, has been increasing rapidly in Delhi - 
from a level of 2y'l() in 1988/89 to about 55% in 1994/95. However, in case of Calcutta 
and Mumixii, the CESC and TEC have enhanced their own generating capacity over this 
period and ihcir rcspecli\e shares of purchases have decreased from 55‘!() to 42% in 
Calcutta and from 43"o to 32"'('i in Mumbai over the same period. 

6.3.5. Energy use and specific fuel consumption norms 

In 1994/95, Delhi consumed 5.3 million tonnes of coal, 42 million litres of oil and 217 
million cubic metres of gas while Calcutta used 3.9 million tonnes of coal and 2S million 
lures of oil for generation of power within the two cities. 

In leims of efficiency of operation itself, most of the units in Calcutta are more 
efficient than those in Delhi. This is reflected by the specific fuel consumption levels. The 
a\’erage specific coal consumption in Delhi is about 0.82 Kg/k\Vli as compared to 0.6 
Kg'kWh in Calcutta (the old units of Mulajore & New Cossipore have 0.94 Kg/kWli). 
Specific oil consumption tlgiires also indicate that units in Delhi have much higher levels 
of oil consumption per unit of power generated when compared to those in Calcutta. It 
must be noted howe\'er. power plants in each of the cities are meeting the emission 
standards set by CPCB for TSP. 

6.3.6. Emissions 

The location of plants in and around the cities does not ha\'e a bearing on the availability 
of power in a city since capacity enliancements are planned for at the regional or national 
Ie^el rather than at the city level. Power may be drawn to vanous locations from the grid 
and supply to a city may be based e\en in other states of the country. The only 
consideration with respect to siting of power plants is therefore with regard to the impact 
of emissions from power plants on the air quality and therefore on the health of the 
population e.xposed to these pollutants. 

The level of air pollutants released into the city’s environment depends not only on 
the total quantum of power generated in the city but also on the fuel used (coal, oil or 
gas), the quality of the fuel (ash and sulphur content of the fuel), the combustion 
technology used as well as the efficiency of the control equipment used. 

A comparison of the estimated resultant emissions in each of the 3 cities for 1994 
indicates that TSP is the main pollutant in both Delhi and Calcutta - estimated at around 
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S6,UU0 tonnes and 81,000 tonnes respectively. Both these cities largely have coal based 
power stations where TSP is the major pollutant. Mumbai has a significant level of gas 
based capacity and TSP emissions were of the order of about 4,000 tonnes only. The 
levels of TSP compared per unit of power generated locally indicate that Delhi, Calcutta 
and Mumbai emitted 12.2, 13.4 and 0.57 tonnes/GWh of TSP in 1994/95. This index has 
improved marginally in 1994/95 from 1988/89 (by about 1%) for Delhi and Mumbai due 
to improved specific fuel consumption. In case of Calcutta, the improvement is about 5% 
since some generation has shifted from the use of the stoker fired technology to pulverized 
fuel technology and the use of multi cyclones in the old units has been replaced with ESPs 
which are more efficient. Calcutta has the highest index for TSP emissions which may be 
attributed to the use of only coal based generation in this city. 

Even though the emissions of NO, and SOj are considerably lower than that of 
TSP at present, it is obsen'ed that their levels are increasing rapidly in each of the 3 cities. 
Taking the toxicity le^•els of pollutants into account, it is expected that the emissions of 
NO, and SO, would soon be cause for concern in these cities. This concern basically 
stems from our finding that the projected levels (in tonnes) of these 2 pollutants is of a 
similar magnitude in 2001/02 as that of TSP in the cities in 1988/89 (since there are no 
controls on their emissions). It is therefore advisable to focus attention towards these 
pollutants at an early stage and consider the use of technological options for their control. 

6.3,7. Abatement strategies and reduction potential 

An analysis of alternative scenarios indicates that it would be possible to significantly 
reduce the emissions of these pollutants using retrofit technologies such as sorbent 
injection for SO, control, low NO, technologies and combined SO;-NO, reduction 
technologies. With the adoption of low-NO, technologies in the existing power plants, NO, 
emissions in 2001/02 can be maintained at 1988/89 levels in both Delhi and Calcutta, as 
compared to the base case where emissions increased by 1.7 times in Delhi and 1.9 times 
in Calcutta over this penod. The adoption of sorbent injection technology m the existing 
power plants after 1997/98, is estimated to stabilize SOj emissions in 2001/02 at 1988/89 
levels in both Delhi and Calcutta, as compared to the base case where these emissions 
increase by 1.7 times in Delhi and l.S times in Calcutta over this period. With combined 
SO,-NO, reduction technologies, emissions of NO, in 2001/02 reduce from 54000 tonnes 
(base case) to 8000 tonnes in Delhi and by from 41,000 tonnes to 6,000 tonnes in 
Calcutta, while the emissions of SO, in 2001/02 reduce from 69,000 tonnes (base case) to 
10,000 tonnes in Delhi and from 64,000 tonnes to 11,000 tonnes in Calcutta. 

At this juncture, the adoption of control technologies for NO, & SO, are hindered 
by the absence of standards and the costs which would be involved. It is therefore 
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suggested that some emission standards for containing the emissions should be set up to 
motivate investments tow ards the adoption of these cleaner technologies. 

The indc.x of NO^ emissions is highest in Delhi (5.8 tonnes/GWh) followed closely 
by Calcutta (5 toniies/GW'h) and then Mumbai (1.28 tonnes/GWh) in 1994/95. Since, 
there is no technology in place for control of NO, emissions as yet, the difference in 
emissions between Delhi and Calcutta is expected to be mainly due to the difference in 
operating efficiency of the units as discussed above. The index of SO^ emissions is almost 
comparable in case of Delhi and Calcutta (approximately 7.5 tonnes/GWh), while it is 
about much less m case of Mumbai (1.1 tonnes/GWhj. 

.Attempts to harness renewable sources (wind, small hydro and solar energy) as well 
as atlxanccd clean fuel (gas based) technologies should be made as far as possible. 
Ho\vc\'er, given that coal would continue to be the dominant fuel for power generation in 
ihe coming decades, it is also essential lo consider technological options for ameliorating 
air pollution due to the existing power plants. 

.Analysis of the alternative scenarios indicates that there is significant potential to 
reduce emission le\'els (especially of TSP) with the use of very simple and inexpensive 
options such as better housekeeping and efficiency improvement of control devices. Better 
housekeeping is expected to reduce emissions by about 10% at no additional cost. 

Similarly, with better maintenance of the pollution control devices, efficiencies of 99% in 
ESPs and 00 % in case of multi cyclones can be achieved. With such efficiencies, the TSP 
Lwels arc estimated to drop from 112 to 23 thousand tonnes in Delhi and from 74 to 31 
thousand tonnes in Calcutta m 2001/02. Both these options are “win-win situations" and 
should detimtely be implemented in all power plants as a first step towards improving the 
environmental quality. 

The estimated benefits from washing of coal estimated for the city of Delhi indicate 
that by 2001/02, TSP emissions could reduce to 69,000 tonnes from 112.000 tonnes in the 
base case. Since, a policy directn’e for coal washing has already been passed, such 
reductions are likely to be achieved across other plants as well where the ash content of 
coal being used was more than 35%. 

Clean technologies for the future such as atmospheric fluidized bed combustion, 
pressurized fluidized bed combustion and integrated gasification combined cycle should be 
|ironioted since they would significantly reduce emissions as well as lead to better 
elliciency in generation. In the short term, it may be beneficial to invest in R&D and to 
later adopt these technologies. Costs for coal washing and for adopting the advanced 
technologies may not be representative in the true sense, since the environmental benefits 
arc not considered. Internalizing these externalities m,iy well present a different scenario 
and it may be worthwhile to consider an economic cost-benefit analysis to arrive at viable 
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options for the future. 

6.4. Industrial sector 

A detailed analysis of the energy intensive industries in Delhi for the years 1989/90 and 
1993/94 has been carried out using the ASI data. The study is restricted to only Delhi due 
to the non availability of disaggregate data on energy use pattern and the related 
parameters in this sector for the rest of the cities. Only the following energy intensive 
industries have been analyzed as they together consume the majority of energy 
consumption share in all manufacturing industries together in the city. 

6 . 4 . 7 . Food products, sugar and breweries 

The food products, sugar and breweries industry (NIC code 20-21) in Delhi has undergone 
certain structural changes in the forms of (a) technological interventions, (b) shift towards 
higher value added products, and (c) improvements in energy efficiency. Though, the 
pollution emissions from this sector have increased marginally, there has been a significant 
reduction in the TSP emissions while emissions of the remaining pollutants (SOj, NO^, CO 
and HC) have increased considerably. 

6 . 4 . 2 . Basic Chemical and chemical products 

The basic chemicals and chemical products industry (NIC code 30) in Delhi seem to have 
only experienced certain attempts to energy conservation/efficiency improvements while 
the production levels have shown decline effecting the sectoral performance. Though, the 
pollution emissions from this sector have increased marginally, there has been a significant 
reduction in the TSP emissions while emissions of the remaining pollutants have increased 
considerably. 

6.4.3. Cotton textile 

The cotton textile industry (NIC code 23) in Delhi has seen a declining trend with decline 
in production levels and industrial operations. While the pollution emissions from this 
sector have increased, there has been a marginal reduction in the TSP emissions whereas 
emissions of the remaining pollutants have increased significantly. 

6 . 4 . 4 . Basic metal and alloy 

The basic metal and alloy industries sector (NIC code 33) in Delhi has undergone some 
structural changes coupled with energy efficiency improvements. The pollution emissions 
from this sector have reduced considerably, with a significant reduction in the TSP 
emissions while emissions of the remaining pollutants have marginally increased. 
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6.4.5. Rubber^ plastic, petroleum and coal products 

The rubber, plastic, petroleum and coal products industry (NIC code 31) has undergone 
some structural changes in the Form of technological improvements and energy efficiency. 
The pollution emissions from this sector have increased, with a marginal increase in the 
TSP emissions and significant increase in emissions of the rpmaining pollutants. 

6.4.6. Non-metaliic mineral products 

The iion-metallic mineral piodiicls industry (NIC code 32) has not shown a considerable 
change except for a few icchnological changes, but with no encouraging effects on the 
energy consumpiion/efficicncy levels The pollution emissions from this seetor have 
increased considerably, with a considerable increase in the TSP emissions and significant 
increase m emissions of the remaining pollutants. 

6.4.7. Wool, silk and man-made fibre textile 

The wool, silk and man-made fibre textile industry (NIC code 24) has shown a decline in 
Its performance though there have been some technological interventions. The pollution 
emissions from this sector have increased marginally, with a marginal increase in the 
emissions of all pollutants. 

6.4.8. Paper, paper products, printing and publishing 

The paper and paper products and pnntmg, publishing and allied industry' (NIC code 28) 
has. though undergone certain structural changes in the form of teclmological 
iiiteiwentions. there ha^’e oeen no significant direct effects reflected in the desired forms. 
The pollution emissions from this sector have increased considerably, with a considerable 
increase in the emissions of all pollutants. 

6.4.9. Location policy 

De\ eloping industrial estates, parallel to the industrial growth, and ensunng proper 
location and pollution control status of industries is an essential task that needs to be taken 
up on a war footing in ail the cities. This needs an on-line planning for the industnal 
de\'elopment by a combination of concerned agencies such as industrial development 
coiporations. city development authorities and pollution control boards. Especially, the 
cities with potential growth, such as the "growth centres" identified by the Town & 
Country Planning Organization, could be a focus for concentrating industrial estate 
development efforts in future. Another major factor that could be of prime consideration 
for a planned industrial development in cities is "assured power supply and availability of 
infrastructure" which has been well pointed out in the report of the National Commission 
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on Urbanization (Chapter 15 on Energy) as Delhi is attracting industry because of the 
more assured supply there as compared to the adjoining smaller towns. The industrial 
growth in Bangalore was also accelerated primarily because the Karnataka government 
promised assured power supply as one of the incentives to attract industry to that area. On 
the other hand, the severe power crisis in Calcutta has effectively put a break to the 
industrialization process in that region. Therefore, a good tool to aid industrial 
development in an environment friendly manner is to give incentives to industries such as 
assured power supply and infrastructure at low rates so that stress on large cities could be 
reduced and diverted to cities with potential growth. Differential tariff such as low tariff 
rates for new industries which are to be located in these potential growth centres is 
another tool to attract industries and thus reduce stress on large cities. 

6 . 4 . 10, Need for a detailed inventory 

Lack of a detailed inventory of industries in cities with essential details such as capacity, 
energy consumption and environmental performance is a major obstacle for carrying any 
studv on industrial pollution in cities. Maintaining proper industrial database, with 
complete inventory of information and emissions status is very much essential. There 
should be a central place such as the concerned Pollution Control Board where this could 
be maintained and be available for on-line usage by various planning and development 
agencies and research groups. 

Periodical (say once in a week or fortmght) publication of environmental 
performance (in terms of emissions) of the industries (in cities) m popular media such as 
news papers is a good instrument to keep the industry alert for keeping its environmental 

performance upholding. 
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